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This mark identifies modern, dependable steel.
Look for it on consumer products.
This is an
artist's concept of
the world's biggest
radio telescope
This giant telescope will use radio
waves to locate objects that are bil-
lions of hght years out in space. The
dish-shaped mirror will be 600 feet in
diameter—about the size of Yankee
Stadium. It wHl be the biggest mov-
able radio telescope ever known.
As you'd imagine, it is going to take
a lot of material to build an instru-
ment this size. The American Bridge
Division of United States Steel, as a
major subcontractor, is fabricating
and erecting 20,000 tons of structural
steel for the framework alone. The
U. S. Navy through the prime con-
tractor is super\"ising the entire job.
When it's completed. there'U be a
power plant, ofSce buildings and per-
sonnel facilities for a permanent 500-
man crew. The site is near Sugar
Grove, West Virginia.
United States Steel produces many
of the materials that are essential for
construction: Structural caurbon steel;
high strength steels: alloy steels; stain-
less steels; steel piling; steel drainage
products; cements; slag: reinforcing
bars: welded wire fabric; wire rope:
steel fence; electrical cable; and other
allied products.
The most important building pro-
jects in our nation depend on steel.
And steel depends on men like you. If
you would like to find out about the
many career opportunities at U. S.
Steel, send the coupon.
USS is a registered trademark
United States Steel Corooration
Personnel Division, Room 60856
525 William Penn Place
Pittsburgh 30, Pennsylvania
Please send me career information
about U.S. Steel.
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Electrons traveling faster than light in the new University
of Illinois reactor producing the glow known as "Cerenkov Radi-
ation" have inspired our cover artist, Barbara Polan to create
our cover, Rodiation-Triga Mark II.
The crushing
pressure of
2,000,000 psi
At the General Motors Research Laboratories the 600-ton tetrahedral anvil press duplicates pressures
which exist 200 miles beneath the earth's surface. The purpose: to study the combined effect of ultra-high
pressure and temperature on the physical and chemical properties of known materials w^ith an eye toward
improving their properties or even creating new materials.
"What happens to solids at pressures of 2,000,000 psi and 7,000 degrees F.? General Motors has
the research facilities required to answer these questions. In addition, GM offers experience
and diversification to provide the young scientist and engineer with unlimited opportunity.
Automotive research, production engineering and manufacturing, electronics and astronautics
are just a few^ of the many technical areas offered. You w^ill be given every opportunity to con-
centrate on one, or if your interests are varied you may move into other divisions. You'll be in
a position to tackle big jobs at GM because this is where important things are being done. It's
the opportunity of a lifetime and it offers a lifetime of opportunity.
General Motors also has a program which provides financial aid for postgraduate and under-
graduate studies. For more complete information check with your college Placement Officer,
or write to General Motors Salaried Personnel Staff, Detroit 2, Michigan.
GENERAL MOTORS
GM positions now available in these fields for men tiolding Bactielor's, Master's and Doctor's degrees: Mechanical, Electrical, Industrial, Metallurgical, Chemical,
and Ceramic Engineering • Mathematics • Industrial Design • Physics • Chemistry • Engineering Mechanics • Business Administration and Related Fields
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ONE IN A SERIES
Bendix answers your questions
WHAT ARE MY
JOB PROSPECTS?
However phrased, the employment question is probably uppermost in your
mind as j'ou approach graduation.
Actually, your prospects are excellent. The Engineers Joint Council
anticipates a strong job market this year. The demand for engi-
neers is increasing sharply, while the numbers of both new
enrollments and graduates are decreasing.
And, according to the American Society for Engineering
Education, engineering and the sciences are among the
fastest growing professions. The Society reports in its
Journal of Engineering Education, April, 1960: "Twenty
years ago only one scientific or technical worker was
employed for every 100 people in the labor force;
today there is one for every 32 workers."
If you graduate with a good record and
are willing to carry responsibility as you
develop your own professional and leader-
ship abilities, you will find excellent
opportunities at Bendix, where you can
build your career to suit your
talents. See the fields listed below.
Arrange for a BendLx interview through
your Placement Director, or write to
C. S. Cleveland, The Bendix Corpora-
tion, Fisher Building, Detroit 2,
Michigan, for more details.
CAREER OPPORTUNITIES IN: CALIFORNIA • CONNECTICUT • INDIANA • IOWA • MARYLAND MICHIGAN • MISSOURI • NEW JERSEY • NEW YORK • OHIO • PENNSYLVANIA
A THOUSAND DIVERSIFIED PRODL'CTS SERVING THESE FIELDS:
automotive • electronics • missiles & space • aviation • nucleonics • computer • machine tools • sonar • marine
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Your handbook of
CAREER OPPORTUNITIES
with PHILLIPS 66
The booklet, "A Career with a Future," describes the
many job opportunities available with Phillips Petro-
leum Company. Phillips is one of America's largest and
most diversified petroleum companies. Because its
activities include every phase of producing, manufac-
turing and marketing petroleum, natural gas, natural
gas liquids and petrochemicals, Phillips offers you the
choice of a career suited to your interests and education.
Phillips research and development programs
include such widely diversified projects as
atomic energy . . . synthetic rubber . . . plastics
. . . exotic fuels . . . fertilizers. Phillips rapid
expansion has created many new opportuni-
ties for engineers and scientists in geology,
geophysics, computer programming, marketing, pro-
duction and transportation.
Opportunities for advancement are provided by
Phillips policy of promotion from within. Ambitious
young engineers and scientists are encouraged and
given the chance to become the key men of tomorrow
with this vigorous, expanding organization. Phillips
interests in three major growth industries— oil, natural
gas and chemicals
—
provide desirable stability.
Write today for the brochure, "A Career with
a Future," to Phillips Technical Manpower
Di\ision. And arrange for an interview,
through your Placement Office, when the
Phillips representatives visit your campus.
PHILLIPS PETROLEUM COMPANY
Bartlesviile, Oklahoma
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From the Editor's Desk .
Competition in the Class Room
Life is a series of contests with one's environment and with those with whom we share
our environment. Man, being an inquisitive creature, is continually compiling facts about him-
self and his surroundings—how fast he can cove' a mile distance as compared to previously re-
corded times for both himself and others. From these facts he plots his own improvement and
determines how he ranks as a runner.
Data collecting is also one of an engineer's many tools. He cannot solve great great prob-
lems if he does not know where they exist. Therefore he relentlessly studies and records and
learns more of this world and beyond.
The classroom is also a data collection center. Students ore tested on principles that they
have been taught, and the resulting grades are tabulated into the familiar bell curve. The
majority of the students fall into the central classification; the lax and ambitious fill in the end
minorities. This type of ranking and competition is only natural. As the mile runner, the student
has the opportunity to rate his learning and rank his efforts with others.
Students are taught by some means; this is usually a teacher in front of the classroom.
This teacher does his best to present the subject clearly so that everyone can learn. Yet, when
exam time nears, this same teacher changes sides and does all in his power to confuse and frus-
trate the student. This is necessary to make a student really use his brain, but some teachers
seemingly use these tricky test tactics only to show their own superiority— rising high above the
student and hovering like a hawk over a chicken. At the end of the course everyone has received
low grades, but these are curved up so that thj usual number pass and fail and everything is
fine—or is it? One does not train a dog by rewarding his efforts with a slap on the nose. By
the some rights, it seems that receiving low grades time after time when an effort to learn
has been made will only serve to moke many lose interest and even give up.
The top student will be driven to even greater study. He will probably be strong enough
to last this period of trial and learn more, but many students of overage ability will be pushed
back down the ladder. Education should favor the brilliant, but not at the expense of the ma-
jority. What about this majority? Should they bj taught to aim for mediocrity or con we realize
more leaders from the center of the bell curve. This need not be at the expense of the upper
class student, for he can be placed in classes taught at his level. This plan is being used suc-
cessfully in some high schools. Even so, one must remember that if there are only two pupils in
a room, there will still be two levels of intelligence. The teacher who is trying to increase these
levels should continually work with, not in competition with his class.
-C. H. J.
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Thomas O'Connell (B.S. in M.E., Notre Dame, '54; M.B.A., New
York University, '60). Recently, as part of his job in marketing
at IBM, he found himself assisting the customer technicians
with the design problems of one of the world's busiest bridges.
h
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WHAT'S AN IBM MAN GOT TO DO
WITH REDESIGNING A BRIDGE?
Tom O'Connell is an engineer working in marketing areas as an
IBM Data Processing Representative. His job is to introduce
management to the advantages of electronic data processing.
Once they have acquired an IBM system, he acts as a con-
sultant on new uses for the system.
A Spectacular Engineering Achievement. How is he helping to
redesign a bridge? One of his clients is the agency which con-
structs and operates transportation facilities in the New York-
New Jersey area. Recently, they began to add a lower deck to
the George Washington Bridge. It has been a spectacular engi-
neering achievement. Sections were brought up the Hudson
River on barges and hoisted hundreds of feet into position. All
this while heavy traffic continued in both directions.
This double-decking of one of the world's busiest bridges took
complex planning. An IBM system materially aided in the veri-
fication of bridge design calculations and in suspension bridge
truss analysis under various loading conditions. Tom O'Connell
supplied many of the computer programs that were used in
conjunction with other programs developed by the customer.
Tom now knows a lot more about the problems of bridge design.
A Job That Makes News. One of the exciting aspects of Data
Processing Marketing at IBM is this wide diversity of systems
application. Using the knowledge a man has gained in college,
and backed by the comprehensive training he receives at IBM,
he moves into many kinds of application areas. The areas are
always interesting, sometimes newsworthy. In fact, almost
every day newspapers carry stories about new applications of
computer systems in important areas of business, industry,
science and government.
If you would like to find out in more detail about the many kinds
of marketing opportunities at IBM, our representative will be
visiting your campus soon. He'll be glad to sit down with you
and discuss the reasons why marketing is a career with a
virtually unlimited future. Your placement office can make an
appointment. Or you may write, outlining briefly your back-
ground, to:
Harley A. Thronson
IBM Corporation
618 S. Michigan Ave.
Chicago 5, III.
You naturally have a better chance to grow with a growth company.
IBM
The care and feeding of a
It takes more than pressing a button to send a giant rocl<et on its way.
Actually, almost as many man-hours go into the design and construction
ot the support equipment as into the missile itself. A leading factor in the
reliability of Douglas missile systems is the company's practice of including
all the necessary ground handling units, plus detailed procedures for system
utilization and crew training. This com p lete job allows Douglas missiles lil<e
THOR, Nil^e HERCULES, Nii^e AJAX and others to move quickly from test
to operational status and perform with outstanding dependability. Douglas
is seeking qualified engineers and scientists for the design of missiles,
space systems and their supporting equipment. Write to C. C. LaVene,
Box 600-IVl, Douglas Aircraft Company, Santa Monica, California.
Alfred J. Carah, Chief Design Engineer, discusses the ground installation
requirements for a series of THOR-boosted space l^^ll^l AC
probes with Donald W. Douglas, Jr., President of l/wUwLMO
MISSILE AND SPACE SYSTEMS MILITARY AIRCRAFT DC-8 JETLINERS CARGO TRANSPORTS AIRCOMBs GROUND SUPPORT EQUIPMENT
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How to advance through lateral movement
THE LATERAL PASS is a perfect example of how to
get ahead by first going sideways. And lateral
movement is a philosophy we use at Koppers.
Here's how it works. Let's say you're a new em-
ployee at Koppers. We give you a specific assignment.
You find it exciting, challenging. You do a good job.
But do we leave you there? Not at all. Once you
understand that particular operation, we try you on
a different assignment. Here, again, you'll find the
work new and stimulating.
You'll never be buried at Koppers. You'll never
stand still intellectually. Moving from one operation
to another, you'll move ahead. Your assignment
won't be to learn just a job. but many jobs. Your
compensation? Advancement, responsibility, success.
Your youth won't be held against you. Neither
will short tenure. If you have the ability and the
desire to get ahead, you'll move fast! Our system of
continuous appraisal and evaluation is your guar-
antee of that.
Koppers is so widely diversified that you can al-
most name your job. Want to work with chemicals,
jet-engine sound control, plastics, sintering plants,
wood preservatives, road surfacing materials, elec-
trostatic precipitators? Interested in research? Pro-
duction? Sales? These are only a few of the fascinat-
ing opportunities at Koppers.
Why not find out how you can fit into the Koppers
picture? Write to the Personnel Manager. Koppers
Company, Inc., Room 230, Koppers BIdg., Pitts-
burgh 19, Pennsylvania. Or, sec your College Place-
ment Director and arrange an appointment with a
Koppers representative for the next recruiting visit.
KOPPERS
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Gerald Beck (left), reactor supervisor, and Prof. Marvin Wymon prepare
to tour the facilities.
TRIGA
A LOOK AT ILLINOIS' NEW
NUCLEAR REACTOR
By Ernie Frankovich
^Vhat is the new building erected on
the Northeast section of the University
of Illinois campus? What is the enor-
mous stack used for? Why was it con-
structed that tall? These are the ques-
tions which many people have been ask-
ing themselves.
The dark gray, rectangular buildinu'
which was recently constructed is the
Nuclear Reactor Lab. Inside is the
Triga Mark II Training and Research
Nuclear Reactor, which was desitrned
and built by the General Atomic Divi-
sion of the General Dynamics Corpora-
tion. Triga is the code name for Train-
ing - Research - Isotope Production-
General Atomic. The exact site of the
reactor is on Western Avenue midwa\
between Gregory Street and Goodwin
Avenue.
The dark gray, rectangular buildint:
is a simply designed, concrete structure.
The simplicity' and solidness of the lab
makes it stand out against a background
of older homes and ramshackled ware-
houses. The only thing that changes the
plainness of the sides are two doors and
an air inlet near the base of the build-
ing.
The main entrance faces north and
leads into a small receiving lobby. To
vour right, as you enter, there is a con-
ference room, and to your left there
are stairs leadin^ to the different levels
of the reactor. The main office and con-
trol room is directly opposite the en-
trance. Glass partitions in the north and
east walls provide continuous observa-
tion of the lobby and the main floor.
The other entrance is a tvvelve foot
STuare truck door which is located on
the south side of the building. The un-
loading area is a twelve bv nine and a
half foot truck bay combined with a
walkaway at the mezzanine level. The
truck bay extends to the right where
there are the stairs to the main reactor
floor, observation walkway, and the
upper level of the reactor.
The tremendous weight of the steel
and concrete Nuclear Research Lab is
supported by thirty metal shell castin-
place concrete piles which had been
driven into the ground bv a steam pile
driver at a minimum depth of fortv
and one-half feet. A six and one-half
by one foot concrete footing was then
poured over them. Over each of the
thirtv piles, there is a steel beam. The
exterior walls are eight inches thick,
scored, concrete blocks and the inter-
ior walls have four inch thick, scored,
concrete blocks.
The reactor itself is on a special con-
crete base 'and has ten piles similar to
those used to keep the building from
settling. The reactor room floor is a six-
inch concrete slab poured on undisturbed
earth.
Located a hundred feet to the south
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ot the reactor building is a twelve thous-
and gallon, steel, gasoline storage tank.
If this tank were to explode, most ot
the buildings in the immediate area
\vould be damaged. But, inside the lab,
scorched paint on the walls and burnt
insulation on the wiring to the light
bulbs would be the only damage from
the intense heat. The wiring to the re-
actor is underneath the concrete floor
and would not be affected by the he.it.
If the power would be interrupted, the
reactor would immediately shut down.
The intense heat would not be able to
penetrate the water shielding of the
core to cause any damage.
Suopose an extremely violent tornado
would hit the building squarely. If this
haopened, the walls and roof would def-
initely not be able to withstand the ter-
rific suction of the funnel. Still, the re-
actor wouldn't be affected. Thus, the
two most threatening dangers would not
affect the reactor itself. The other pos-
sibilities border on the imaainary and
even these wouldn't affect the reactor.
For the transportation of the radio ac-
tive samples with their containers to
and from the reactor well, there is an
overhead crane. This is needed because
one lead container may weigh between
five and six hundred pounds.
The ventilation and air conditioning
equipment contains two filter sections.
One is a five micron absolute filter
which filters out all dust particles. The
blower used is capable of chaneing the
air in the building even,- hour. The ex-
hausted air is discharged through the
smoke stack to a height of over sixty
feet. Fresh air enters through an air
conditioning unit which heats the air in
the winter.
For the discharging of waste, there
are four floor drains, one trench drain,
and the clean-up shower and sink which
drains the waste into a five hundred gal-
lon retention tank. A trash pump is pro-
vided for the drainage of the tank. After
the waste has been held up in the tank
for some time, a sample of the waste is
taken. If the waste is safe, the tank is
pumped into the twenty-four inch sani-
tan' sewer.
To ensure the safety of the popula-
tion, there is an intricate alarm system.
This is the Area Radiation Monitor
which is located in seven different places.
These are in the lobby, reactor, thermal
column, demineralizer, water supply,
filter, and at the top of the exhaust fun-
nel. If the radiation rises above the set
level, an alarm buzzes on the control
panel in the control room. This set level
is below the safety factor prescribed by
the Atomic Energv' Commission.
This shows that all possible precau-
tions ha\ e been taken for the protection
of the population.
University of Illinois nuclear reactor is 22 feet tall. Concrete walls around
6'2 feet diameter tank are 7^2 feet thick for 12 feet around "hot" area,
3 feet thick above.
Extending down to array through 16 feet of demineralized water are con-
trol rods, connections, and pipes for placing test specimens.
NOVEMBER, 1960 11
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Graphite plug in special opening leading to core of University of Illinois nuclear reactor is remove d by Rodger C.
Nichols, Oak Park, research assistant. Five-foot thick concrete door at left normally fits into opening.
NOVEMBER, 1960 13
"Hot" area Is seen at bottom of tank through 16 feet of demineralized water. Reaction is controlled by rods ex-
tending down from left. U. of I. reactor is unique in safety and capabaility for "pulsing" which may increase
noma! 100,000 watt output to 1,000,000,000 watts for effects equalling much bigger and costlier machine.
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Electrons travelling faster than light in new University of lilinois reactor produce blue glow of "Cerenkov radia-
tion" which reveals fuel elements through 16 feet of demineralized water.
NOVEMBER, 1960 15
This steel plant consumes l/400th of the
electric power generated in the United States
Surprising? Not if you realize that steelmaking requires
a tremendous amount of electric power.
It takes about 20,000 electric motors to drive the
rolling mills and other equipment at our Sparrows Point
Plant, near Baltimore, the nation's largest steelmaking
plant. Here, at our own steam-electric generating station,
we produce enough power for a city of 250,000.
It goes without saying that we need the services of
electrical engineers to design, construct, and maintain
the vast and complicated array of electrical equipment
at our many plants and facilities.
Bethlehem offers excellent career opportuni-
ties for men in virtually all engineering curricula:
metallurgical, mechanical, chemical, industrial, civil, min-
ing, ceramic, architectural, and others. We suggest that
you discuss Bethlehem with your Placement Officer. And
be sure to pick up a copy of our booklet, "Careers with
Bethlehem Steel and the Loop Course."
BETHLEHEM STEEL COMPANY
Bethlehem, Pa.
for Strength
.
. . Economy
. . .
Versatility BETHLEHEM STEEL
BETHBEHEM
STEEL
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As you plan your career- be sure to consider
Monsanto. It may surprise you that
Monsanto needs electrical and mechanical engineers,
as well as chemical engineers.
Fact is, though, that Monsanto offers many opportuni-
ties to men with your professional training, including:
Mechanical Engineers . .
.
• Plant design and layout
• Equipment selection
• Materials specification
• Design of new and unique
equipment
Process control
instrumentation
Applied researcti
Automated process systems
engineering
Equipment evaluation and selection
Plant engineering
Construction
Specialization in the fields
of fluid mechanics, stress
analysis, heat transfer, etc.
Electrical Engineers .
.
• Design of electrical
systems
Power distribution and
substation design
May we discuss these with you as we visit your
campus this year? ^ ou can arrange for this visit with
your Placement Director;
or write Professional Em-
ployment Manager, EM -2,
Monsanto Chemical Com-
pany, St. Louis 66, Missouri.
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The Deans' Page . .
.
Have Diploma—Will Travel
Hawaii - I
Total - 422 graduates
1957 GEOGRAPHIC DISTRIBUTION OF ENGINEERING GRADUATES OF UNIVERSITY OF ILLINOIS
I
A diploma
—
graiitinji you a degree in
some field of engineering—will soon be
yours. What then? Where will you
travel? What fields can you consider?
How far can \ou go? It is up to you
to furnish the answers to these ques-
tions.
Many of you will make no geographi-
cal change whatever, but will merely
change your registration from the Col-
lege of Engineering to the Graduate
College and remain to work for an ad-
\anced degree.
Because of the rapid expansion of
technology within the past few years,
the demand for men with advanced de-
grees is growing every year. The fact
that qualified students are preparing to
meet this demand is shown by the in-
crease in the number of students re-
maining for graduate degrees. Here are
the figures:
1055— 8.44%
1956— 10.067c.
1957—11.08%
1958—12.95%
1959—13.82%
1960—15.53%
AnaUze yourself carefully, evaluate
your abilities and decide whether or not
an advanced degree will lead you fur-
ther toward your ultimate goal. If you
think it will, by all means don't move
—stay on and complete it now.
The military service may offer you
opportunity for travel for the next six
months, a year, two years, and in some
cases even three years. If this is to be
your lot, don't let this be a period of
"marking time" ; learn all you can about
as many things as possible. What you
learn may help you when you are able
to resume your professional engineering
career.
For those of you that can and do ac-
cept engineering employment as soon as
yoin' diploma is in hand—where will
you travel? Since 1956, students have
given location as the number one reason
for accepting a position. A desirable lo-
cation means many things to many peo-
ple: returning to one's home town, or
getting as far away from it as possible
;
going to a large city, or living in a
small town ; a warm climate where there
will be no snow to shovel during the
winter months, or cold weather and an
opportunity to participate in winter
sports. The two maps show the geo-
graphic distribution of the graduates of
1957 and of 1960. By comparing the
two you can see that the palm trees
and wanii winter weather in California
still call, but not as strongly in 1960
as they did in 1957. The fact that many
people prefer to stay near home can be
seen by the concentration of employ-
ment in the State of Illinois. But there
were others who preferred to travel to
30 of the 48 states.
What other factors will affect your
decision ? Types of work are many and
varied. Other important considerations
are company reputations, types of in-
dustries, family connections, and sal-
aries. Salaries, incidentally, are increas-
ing: they rose 32.9%. from 1955 to
1960 and from all indications they will
continue to go up.
Once you have your diploma you'll
be well-armed and ready to travel—but
remember that how far «/> you go may
well depend on ivhcrc you go. As Mr.
Paladin might say—some roads are
rockier than others
!
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Total- 437 graduates
I960 GEOGRAPHIC DISTRIBUTION OF ENGINEERING GRADUATES OF UNIVERSITY OF ILLINOIS
Design for your future!
Learn how to build the new
DEEP-STRENGTH
Asphalt pavements
If you're going into Civil Engineering, it will pay
you to keep a close eye on Asphalt design devel-
opments.
Here, for example, is the latest from Oklahoma
... one of the new, DEEP-STRENGTH Asphalt
pavements the state is using on Interstate 40.
This one is outstanding because its base is 8 inches
of hot-mixed—hot-laid sand-Asphalt ... no coarse
aggregate.
Why 8 inches? Why not 6 or 10? What did engi-
neers do to insure good drainage? What factors
set the design?
The Asphalt Institute answers questions like
these . . . keeps you abreast of all the latest in the
design of Asphalt Highways, the most durable
and economical pavements known. Would you
like our new booklet, "Advanced Design Criteria
for Asphalt Pavements", or our "Thickness De-
sign Manual"? Write us.
Ribbons o/ velvet smoothness . . . ^^^
ASPHALT-paved Interstate Highways ^"^
THE ASPHALT INSTITUTE
Asphalt Institute Building, College Park, Maryland
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How doYou
IVIeet a Challenge?
At Delco Radio we're meeting the staggering challenges of the
Space Age with a combination of outstanding resources and abihties.
Latest addition to the Delco complex of over one million
square feet of modern laboratory, manufacturing and office facilities
is the new 125,000 sq. ft. research and engineering center now
under construction in Kokomo, Indiana.
But physical resources are only half the story. Delco's rise
to prominence in the fields of electronics and solid state physics
has been led by men of unusual abilities.
And, just as it's necessary to continue expanding our physical
resources, we must continue to seek out capable men to meet the
increasing challenges of the future. We need ambitious young
men with new ideas—new talent.
If a bold, aggressive program of action is what you're interested in,
write to Mr. Carl Longshore—Supervisor, Salaried Employment,
or talk with our representative when he visits your campus.
DELCO'S NE
ELco Kadio Division of General Motors
Kokomo, Indiana
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&Y PWILIP L. ^EUEBEIZ.
Since the beginning of time, man has
been awed and bewildered by the moon
and its changing phases and beauty.
Many pagan tribes \vorshiped the moon ;
in fact, some tribes in very remote areas
still do. There have been many theories
of how the moon came into being. Some
say that the tidal effects of the Sun.
coupled with the elliptical shape of the
Earth, produced a bulge where the Pa-
cific Ocean is now, which eventually
separated from the Earth and formed
the moon. Another theory is that the
Earth at one time was surrounded by a
belt of gases and minerals, similar to
those of Saturn, which fused into a
solid body. A third theory is that the
moon was a separate planet which was
captured and held by the strong gravi-
tational field of the Earth.
Man has long entertained the notion
of traveling to the moon. Man's
thoughts have ranged from fantasy to
very conservative ideas. One of the
famous dreamers was Jules V erne, who
concocted a story of travel to the moon
by way of a huge shell fired from a
cannon. More scientific thinking on this
subject was done by such men as Tsial-
kouslci, Oberth, and Goddard. Natural-
ly progress was slow. By 1930, how-
ever, France's Esnault-Pelterie was giv-
ing lectures on some of the problems
involved in lunar flights, both in direct
flight to the moon and flight from orbit-
ing satellites. The German rocket so-
ciety was also interested, at about this
time and on into the 1940's. in possible
lunar probes.
One can easily see that space travel is
not a new subject. Only recently how-
ever, various countries have shown signs
that they are nearly ready for success-
ful probes.
On March 27, 1958, ARPA was or-
dered by Defense Secretary Xeil H.
McElroy to begin investigation of pos-
sible lunar probes. Only twelve days
later the Air Force was instructed to
make three probes, and the Army was
given two more. The Air Force has
made its series of shots.
C^ne of the purposes of these experi-
ments was to investigate the intense cos-
mic radiation discovered by previous
earth satellites. This was accomplished
and it was found that this radiation was
only a relatively thin band lying be-
tween 2,00(1 and 10,000 miles from the
earth's surface. The thinness of this
band will enable later space exploration
with much less shielding than was at
first thought necessary.
Cither purposes of the Air Force
probes were to orbit the moon, to take
pictures of the moon's far side, to meas-
ure the moon's magnetic field, if any,
and to measure a possible field of mi-
crometeorites past the moon's far side.
Unfortunately, none of these projects
was accomplished.
The Air Force made three tries. The
first was on August 17, 1958; the rock-
et exploded 77 seconds after firing, with
only 50,000 feet altitude attained. The
failure was probably due to a pressure
leak or a broken fuel line.
Tiie second try, on October 1 1 , was
actually very encouraging. A layman
might say that the shot covered only
about a third of the distance to the
moon, so the probe wasn't even close.
However, it can be shown that the
velocity to travel the 80,000 miles at-
tained is approximately 24,500 miles
per hour. Likewise, the velocity re-
quired to escape effectively the earth's
gravitational field is approximately 25,-
000 miles per hour. One can see that a
mistake of only 500 miles per hour in
25,000 is pretty fair.
The cause of the error in velocity was
due to a 3.5 degree error in the angle
of the second stage trajectory. Also, be-
cause of automatic cutofi's, there was ten
seconds buriung time left in the second
stage. As the rocket returned to the
earth, several attempts were made to
fire the terminal rocket part. There was
hope of creating an earth satellite with
a perigee of 20,000 miles. However,
decreasing temperatures prevented the
batteries from operating properly.
The third try took place on Novem-
ber 8, when the rocket attained a height
of about 1,000 miles. Unfortunately,
the third stage failed.
A Thor-Able missile was used for
the Air Force probes. The firing se-
quence was as follows:
1. A standard Thor intermediate
range missile, having a thrust of ap-
proximately 160,000 pounds, was fired
\erticall\- and then tilted to the desired
angle of pitch. This was the angle that
was in error by 3.5 degrees in the sec-
ond attempt. After burnout of this stage
the missile was to coast a short time.
2. A modified Vanguard, with a
thrust of .some 20,000 pounds, was fired
in the second stage. After burnout the
nu'.ssilc was traveling at about 18,000
miles per hour. Again there was a short
coasting period.
3. Third stage was a solid propellant
rocket of 8,(100 poiuids thrust. At burn-
out the missile was traveling at about
24,000 miles per hour, or around 500
miles per hour slow.
4. The fourth stage was the retro-
rocket which failed to fire in the second
attempt. It was to be fired as it ap-
proached the moon. It was to be posi-
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tioned normal to the flight path and
when fired was to begin its orbit around
the moon.
The overall height of the Thor-Able
combination was 88.1 feet. The final
stage weighed 83.8 pounds, including
25 pounds of instruments. These includ-
ed a Dopier command receiver, a tele-
vision scanner, a cosmic ray telescope,
an ion chamber, a micrometeorite count-
er, and a magnetometer.
Army
The Army has made two attempts to
send a rocket to the moon ; either to hit
it or to go on past it.
On December 5. 1958. the Army shot
its first moon rocket, a Juno II, firing
Pioneer III. The rocket was to achieve
escape velocitv, seven miles per second
or greater. This speed would enable it
to enter an orbit around the sun. The
rocket failed to burn all its fuel, how-
ever, and after it traveled to a height
of 63,580 miles, fell back to the earth.
The Army made its second attempt
in March 3, 1959. A Juno II rocket
propelled Pioneer IV past the moon
into an orbit around the sun. Forty-one
hours after launching it passed within
37.000 miles of the moon. The gold-
plated nose cone, weighing 13.4 lb. and
carniing a 90-hour battery-powered
radio transmitter and radiation tubes,
continued on into space and entered into
an orbit around the sun on ^larch 17.
The radio signals faded out about 410,-
000 miles from the surface of the earth.
If the batteries had lasted, the radio
could have been heard 4.000.000 miles
from earth. The sun satellite should set-
tle into an orbit slightly more eliptical
than the earth's, with a period of 395
days and a speed of 64.800 miles per
hour.
A Jupiter IRBM was the first stage.
The upper stages were identical to the
Explorer Jupiter-C vehicles. The second
stage was made up of 11 scaled down
Sergeant missiles. These surrounded the
third stage which consisted of 3 such
missiles. These, in turn, were placed
around a single scaled down Sergeant
missile that is the fourth stage.
Russia
During the Eighth Congress of the
International Astronautical Federation
held in November, 1957, the Russian
delegates discussed some aspects of lunar
probes. The\" felt that Russia would
fire the first successful probe, which
came true \vhen on January' 2, 1959,
the Soviet Union fired a 796 lb. satel-
lite into orbit around the sun. Lunik
(later changed to Mechta) passed with-
in 4,700 miles of the moon. Radio con-
tact was lost at 374.000 miles, but it
was known that the rocket had achie\"ed
escape velocity. Lunik is believed to be
in a 4-14 day orbit around the sun and
traveling at a speed of 63,100 miles per
hour.
These delegates indicated that the
second try would probably have thrust
reversers and would plant itself on the
moon's surface to record the surface
temperature then. The third tr>' is
scheduled to take close-ups of the moon's
surface, probably of the side never seen
before.
The fourth attempt may carry^ a man
or animal if previous tries are success-
ful and sufficient information is ob-
tained.
Future
Before the first manned trip to the
moon is taken, a number of unmanned
probes will be made to gather informa-
tion on cosmic rays, solar radiation, and
meteor frequencies. Photographs of the
surface of the moon will be taken from
unnamed rockets so that a suitable place
for the landing of the first manned
probe can be chosen. There will be many
tests of space suits and of man's physi-
cal limitations before the trip to the
moon is attempted.
The moon rocket will be constructed
in an orbit around the earth. A winged
rocket orbiting around the earth will
be the base of operations. Winged ferry
vessels that will glide back to earth and
be reused will transport the compo-
nents of the moon rocket from the sur-
face of the earth to an orbit about
1,075 miles above the earth. Construc-
tion men will assemble the prefabricated
parts into the various components of the
moon rocket. The parts will have to be
tied together because they will tend to
drift apart under the small difference
in orbital radius. Conventional construc-
tion methods will probably be used, be-
cause the force and temperature that
will be acting on the moon rocket will
be less than those already experienced in
the trip from the earth.
The moon ship will not ha\e smooth
lines, but will probably be spherical, be-
cause the sphere is the most practical
shape available as a pressure container
and gives maximum volume with mini-
mum materials.
The crew that will man the journey
to the moon will probably consist of a
physician, a geologist, a rocket and me-
chanical engineer, a radio and radar spe-
cialist, a surveyor, and a physicist. The
crew will be carefully selected on the
basis of psychological stability', physique,
and weight.
Xewton showed that all bodies in
the L niverse move in strict accordance
with the law of gravitation and Kepler
showed that the path of any body obey-
ing this law would follow the shape
of a conic section. The voyage to the
moon will trace a long, slender ellipse
«hose major axis intersects the earth
and the moon. The exact shape of the
ellipse will be determined by the orbital
radius from which the vovage will start
and the velocity and inclination angle
of the rocket at cutoff.
If we assume an orbit of 1,075 miles,
the circular velocity will be 4.39 mi sec.
Thus the ship already has an appreciable
velocity before it starts on its journey
to the moon. The velocity that must be
added to put the ship into the desired
ellipse, will depend on he angle of
launch and the cutoff velocity. The
rocket can be considered a celestial
body, and the means for calculating its
path are available.
One of the greatest problems of the
journey will be the actual landing on
the moon. The first difficulty is select-
ing a suitable spot. A walled plain in
the region of the North or South Pole
will probably be chosen. The anticipated
temperature range and the terrain of
the landing area will be studied closely.
There will be a great deal of detailed
data obtained from the unmanned
probes, but even then the final landing
point will be selected by captain of the
moon ship.
The simplest part of the journey will
be the trip to and from the moon. An
automatic pilot will take charge of the
moon ship at the take-off from the earth
orbit and will cut out the rocket engine
at the proper velocity and altitude. Ra-
dar signals will be used to correct the
automatic pilot settings throughout the
journey, because extreme accuracy is
needed to arrive at a specific spot on
the moon.
The flight to the moon will take
about five days, depending on the size
of the space ship, the fuel expended, and
the accelerations the human body can
safely endure. At the beginning of the
fifth day, the rocket ship will reach the
neutral point between the gravitational
fields of the earth and of the moon.
L'ntil this time, the ship has been de-
celerating since the rocket cutoff, be-
cause the earth's gravitational field was
stronger than that of the moon. After
passing the neutral point, the moon's
gravitational field will become the
stronger of the two, and the ship will
start accelerating toward the moon.
When the vehicle starts to accelerate, it
will be rotated approximately 180° into
the landing position by three fh^vheels
at the center of gravity. ^Vhen any of
these flywheels rotate, the reaction will
move the rocket in the opposite direc-
tion.
At a predetermined altitude above the
surface of the moon, the rocket motor
will start to retard the ship. The exact
altitude will be determined by a radar
altimeter, which will van' the thrust
of the now revised rocket engines to
control the rate of decent. The perfect
landing occurs when the thrust of the
rocket motors exactly equals the weight
of the ship at the surface of the moon.
(Continued on Page 53)
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A Campus-to-Career Case History
Field assignments, plus theoretical lab work (above), keep Larry Carmody's engineering career stimulating.
Iff your ffuture is engineering, put
yourself in Larry Carmody's shoes
Lawrence M. Carmody formed some firm con-
victions about his future engineering career
while a senior at Illinois Institute of Technology.
'T wanted to do significant work," he says,
"and have a variety of assignments that would
broaden me and keep my job interesting. I
wanted to make good use of my schooling and
express my own ideas. And, like anyone with
ambition, 1 wanted all the responsibility I could
handle and some genuine opportunities to keep
moving ahead."
Larry got his B.S.E.E. degree in June, 1955,
and went with Illinois Bell Telephone Company
in Chicago. He first worked in the Radio and
Special Services Group of the Transmission En-
gineering Division. There, in addition to re-
Like to be in Larry's shoes? Many young
careers just as rewarding willi llir Mel
Why not find out about opporlunitii's
with the Bell interviewer when he visits
llic Ufll Telephone booklet on file in
ceiving more advanced training, he:
• designed moliile radio systems
• did path studies of radio circuit routes
• worked on a special air-to-ground communi-
calit)ns project for an airline
• did field work for a new, transistorized walkie-
talkie system developed by Bell Laboratories.
Today, Larry is planning and designing state-
wide long-distance facilities involving micro-
wave, carrier, and cable systems— projecting
circuit needs as far ahead as 20 years. His
recommendations often represent hundreds of
thousands of dollars in equipment and facilities.
"Telephone company engineering is 'tops' in
my book," says Larry.
college men are pursuing
I Telephone (lonipanies.
for you? Have a talk
your campus— and read
vour Placement Office.
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a year from today
4 where, how will you be applying
your engineering knowledge?
Soon many positions will be made available to you
and you must select a cornerstone for >our career. Be
analytical; you ha\e a great deal to in\est. Make sure
the company offers room for personal growth plus
the stimulus for achievement.
We urge you to examine Hamilton Standard, for we
know our compan\- offers the ideal enxironment for
an engineering graduate. Long famous for its accom-
plishments in aerospace equipment, the company's
Ad\-anced Product Planning Program promises exciting
e.xpansion into entirely new industries. You will en]0\":
A VARIETY OF ENGINEERING ACTIVITY to sus-
Ask the Hamilton Standard campus representa-
tive every key question concerning your career.
In the meanwhile, send for your copy of our
40-page brochure, engixeering for you .\nd
YOUR FUTURE. Write: R. J. Harding, Adminis-
trator—College Relations
tain \our interest, quickly broaden your experience and
continually create ad\ancement opportunities.
AN OUTSTANDING GRADUATE STUDY PRO-
GRAM . . . tuition-paid program at accredited col-
leges and universities . . . Rensselaer Polytechnic
Institute. Uni\crsit\- of Connecticut and others.
SMALL PROJECT GROUP APPROACH to assign-
ments gi\e you a sharper conception of the total prob-
lem and the e\olution of each product.
DESIRABLE CONNECTICUT LIVING in a pictur-
esque countr\ setting, \et near New York and Boston.
E.xcellent schools and housing.
BREATHING SYSTEM FOR
THE B-70 BOMBER
A highly sensitive air induction system produced
by Hamilton Standard will help this mighty air-
craft attain speeds of over 2,000 miles on hour
and altitudes to 70.000 feet. Design and develop-
ment of this complex system underscores Hamilton
Standard's capability in the fields of aerodynam-
ics, hydraulics, electronics and electro-mechanicol
controls.
HAMILTON STANDARD DIVISION
an organization dedicated to S::>cienfi/LC ondc:^ln£erLna E:^(cellmce^
UNITED AIRCRAFT CORPORATION
WINDSOR LOCKS, CONNECTICUT
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ONLY 12 INCHES WIDE...
Tom Speer, Senior Engineering Research Supervisor at Stand-
ard Oil. inspects one of the 12 sections in a new miniature
road tester. Under simulated weather conditions, four wheels
whirl around to reveal wear patterns and other vital informa-
tion. (INSET) Ruler shows wear pattern after strip has
taken pounding from tires during rain, freeze, thaw and heat.
...THIS 'ROAD' CARRIES
WORLD'S HEAVIEST TRAFFIC!
Say good-bye to washboard pavements and
chuck holes— their doom may be sealed!
Key weapon in the war on costly road dam-
age is a new miniature highway developed in
the Standard Oil research laboratories in
Whiting, Indiana. It is only 12 inches wide and
44 feet in circumference, but it carries heavier
loads than any highway in the world . ThisTom
Thumb turnpike will eventually lead to meth-
ods of building longer-lasting, smoother, safer
highways. ..at far less cost to taxpayers.
Four wheels whirling around hour after hour
can give it any degree of traffic intensity de-
sired. Pressure that corresponds to the weight
of the heaviest trucks can be applied to the
wheels. To simulate actual traffic, the wheels
are placed on braking and acceleration 90 per
cent of the time. Automated electronic equip-
ment can quickly change "road conditions"
from desert dry to cloudburst drenched."Road
conditions", too, can be changed from freezing
to thawing.
Within weeks, the new test-tube roadway
can determine what happens to roads during
years of use in all kinds of weather. It can pre-
test paving formulas and techniques, and may
show how to eliminate washboard pavement
and chuck holes. Savings in highway research
alone may run into millions of dollars. Even
larger savings in auto and road repairs and
possibly in gasoline taxes are in sight.
This test-tube roadway is just one of the
many exciting developments at Standard.
Every day, scientificresearch, pureand applied,
points the way to new or improved products.
This work holds great challenge and satisfac-
tion for young men who are interested in scien-
tific and technical careers.
STANDARD OIL COMPANY
910 SOUTH MICHIGAN AVENUE, CHICAGO 80, ILLINOIS
standard)
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THE SIGN OF PROGRESS ...
THROUGH RESEARCH
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DATA PROCESSING AND OPERATIONS
ANALYSIS ON A SCIENTIFIC COMPUTER
from U. S. Department of Commerce, Natiotial
Bureau of Standards
Among the first areas in which the
potentialities of automatic computation
were exploited and its techniques adopt-
ed on a broad basis was the solving of
the large accounting, operational, statis-
tical, and other specialized problems that
arise in business, industry', and Govern-
ment. The intense activitv of this kind
which still exists is immediately evident
in the number of data processinsi and
operations analysis problems the Nation-
al Bureau of Standards is called upon
to solve. The demand for assistance in
these relati\"ely new areas is so great,
that at present such work accounts for
about 20 per cent of the time the Bu-
reau's 704 computer is in use and about
one-third of the coding effort expended.
Data processing and operations anal-
ysis problems come not only from the
Bureau's staff but from other Govern-
ment agencies who call upon the NBS
computing facility for help in applying
present-day electronic methods to infor-
mation processing, information retrieval,
accounting, reporting, and large-scale
analysis. To illustrate the scope of this
work, some of the problems which ha\-e
recently been sohed or on which the
Bureau is now working are discussed
below.
Autotag
-A war-game study called Autotag,
which simulates battles involving tanks
and antitank systems, was programmed
and carried out by the Bureau for the
Combat Operations Research Group of
Technical Operations, Inc, Use of com-
puters to play war games in this way is
becoming more and more frequent be-
cause the present development of wea-
pons systems is so rapid that it is diffi-
cult to obtain the experience needed for
competent tactical decisions. The com-
puter, with its ability to simulate hun-
dreds of maneuvers cheaply and rapidly,
can in many cases provide an acceptable
substitute for actual military exercises.
In addition, the computer, instead of
acting intuitixely, can analyze numerous
possible courses of action and supply the
proper one for the battle situation at
hand.
In the Autotag studv. conducted bv
W. G. Hall and J. M. Beiman of the
Bureau's Computation Laboratory,
combat-simulation model was designed
to evaluate the perfonnance of anti-
armor weapons systems in a variet)' of
topographic and en%Tronmental situa-
tions. In any one simulation, each side
may have up to 31 weapons which may
be any or all of 10 different types. Each
weapon is specified by 69 adjustable par-
ameters. Some of these specify weapon
type. They include, for example, maxi-
mum and minimum range, hit probabil-
ities, probabilistic delay times for
weapon action, dispersion of fire as a
function of range, and kill-if-hit prob-
abilities. Other parameters relate to a
particular weapon. Position and velocity
coordinates, status indications ("dead"
or "'visible to enemy, " for example),
and indices specifying the weapons' tar-
get selection rules are some of these.
Each side is also permitted up to 7
mine fields and artillen,- fire at any of 7
intensities before and during the battle.
Two additional parameters specify the
vulnerabilit>- of each weapon to mines
and artillery. It is assumed that no wea-
pon is ever "killed" by the artillery or
mines of its own side.
Simulations are carried out in se-
quences which include from one to 15
games, differing only in the random
numbers controlling the outcomes of
probabilistic events. The results are re-
corded on magnetic tape and an addi-
tional computer routine later performs
the necessary tabulations and statistical
analyses. Detailed histories of each sim-
ulation are also preserved for further
analysis.
Electrocardiograph Analysis
Under the sponsorship of the Veter-
an's Administration, the Bureau is de-
signing computer programs that will
analyze human heartbeats. The heart-
beat data are in the form of electro-
cardiograms which have been converted
to digital readings by a method devel-
oped by the Bureau's Data Processing
Systems Laboraton". The abilit)' to pro-
vide a rapid, detailed analysis of such
records suggests a method for improv-
ing the procedures employed in diagnos-
ing various heart ailments.
The programming of the computer
for this purpose is being carried out by J
R. J. Arms of the Computation Labora-
tor>-. His immediate obiecti\es are to de-
tect the time intervals of important
phases of the heartbeat cycle, to locate
the least-squares planes in these cycles
and determine the goodness of plane
fit, and to find mean vectors, mean ve-
locities, and the velocity variance. Al-
though the time-inter\al detection has
been found difficult and may not be
sufitable to digital methods, finding the
means and the least-squares fits is a
common digital problem. Digital meth-
ods are also immediately applicable to
the analysis of these parameters along
with about 100 others, which will in-
clude age, weight, and known diseases,
to name a few,
Low-Rent Housing Analysis
L nder the sponsorship of the Public
Housing Administration, the Bureau
analyzes for error the yearly reports on
tenants in federally aided or owned low-
rent housing projects. This annual status
examination is necessary to determine
the tenants' eligibility for continued oc-
cupancy. Approximately 400,000 sucli
examinations must be centrally edited
for inconsistencies and prepared for sta-
tistical presentation.
Inconsistencies and errors may occur
among almost any combinations of the
many items of data required for each
tenant. These data include four items
on income, nine on exemptions, two on
rent, three on family composition, and
others on age, race, and service status,
plus pertinent remarks where amplifica-
tion is necessan". Also, the diversity of
backgrounds among the individual re-
spondents makes for further difficult}- in
predicting the volume and nature of er-
rors likely to occur. It is therefore neces-
san' to make numerous checks on the
relationships among the several items of
data.
To facilitate these editorial opera-
tions, G. H. Urban and A. T. Xelms
of the Data Processing Systems Labora-
tory developed a comprehensive compu-
ter program. The intial step in prepar-
ing reports for input to the computer is
1
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the coding of remarks—a clerical opera-
tion performed in accordance with a sim-
ple two-digit code. Data cards are thtn
punched from the reports and convert-
ed to magnetic tape. An additional in-
put to the program is the '"project head-
er file" which contains in one record
per housing project all the rules govern-
ing the administration of that project,
the name and the full address of the
respondent, and various other project
descriptions for statistical purposes.
The main editing program contains
about 3800 computer instructions. Here
the data are analyzed critically for re-
porting inconsistencies and policy viola-
tions. Whenever an error is detected, it
is recorded on magnetic tape. Six ma-
chine words are required to describe a.id
index the error. Whenever possible, the
program corrects erroneous data and de-
rives entries for items left blank. The
data are further distributed into mean-
ingful statistical arrays.
Another program sorts the errors
wnthin each project by the assigned
quer>- mmibers and writes an expository
paragraph describing the inconsistenc)
or violation. These paragraphs become
the substance of letters automatically
generated and addressed to appropriate
regional and proiect authorities. The
names of the families involved are tab-
ulated for printing following each para-
graph. The letters are transferred to
magnetic tape and are then ready for
oft-line productive printing on continu-
ous-feed letterhead paper.
Payroll Operations
A program that will allow the Xa-
rional Bureau of Standards to use a
computer for generating payroll and
other personnel services reports has re-
cently been completed by M. L. Paul-
sen and P. L. Ruttenberg of the Com-
putation Laboratory. This development
was based on information obtained in
an original study which G. L rban of the
Data Processing Systems Laboratory-
conducted under the Bureau's program
of assistance to other Government agen-
cies. The complexity of the present un-
dertaking is indicated by the many re-
ports and documents which must be
considered. These include the master
pay list, the payroll for personnel serv-
ices, check issues and statements of earn-
ing, time cards, savings bond schedules
and purchase lists, earning reports, and
withholding tax statements.
Like many data processing problems.
the payroll operation utilizes a master
tape, which in this case contains, for
each employee, all pertinent information
(name, pay rate, number of depend-
ents, etc. ) This master tape is continual-
ly updated by merging it with records
of personnel actions such as new ap-
pointments, promotions, and separations.
From the updated master tape and the
Fig. 1. A high-speed computation facility at the National Bureau of Stand-
ards is applied to many data processing and operation analysis problems
submitted by both the Bureau's staff and other Government agencies.
Fig. 2. Artist's conception of a war gome study called Autotag which simu-
lates battles involving tanks and antitank systems. This is one of the opera-
tions analysis problems which the National Bureau of Standards solves by
automatic computation.
time-card information for a given pay
period, the computer produces payroll
repwrts.
Test runs have shown that the com-
puter can duplicate in a few minutes the
work which it now takes approximately
SO man-hours to accomplish each pay
period.
Traffic Studies
The Bureau is engaged in program-
ming and solving several data processing
problems on traffic for the Bureau of
Public Roads. This work, carried out
by S. T. Peavy and R. N. Varner of
the Computation Laborator\', is basic to
the effective design of new roads and
highway networks.
One important aspect of the investi-
gations is the de\elopment of equations
that will accurately predict traffic pat-
terns. The Bureau is presently analyz-
ing data on traffic passing through a
signalized intersection in efforts to dc-
(Continued on Page 30)
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Wliat would YOU do
as an engineer* i
Development testing of liquid hydrogen-fueled rockets is car-
ried out in specially built test stands like this at Pratt &
Whitney Aircraft's Florida Research and Development Center.
Every phase of an experimental engine test may be controlled
by engineers from a remote blockhouse (inset), v^ith closed-
circuit television providing a means for visual observation.
ratt & Whitney Aircraft?
Regardless of your specialty, you would work in a
favorable engineering atmosphere.
Back in 1925, when Pratt & Whitney Aircraft was
designing and developing the first of its family of
histor>-making powerplants, an attitude was born—
a
recognition that engineering excellence was the key
to success.
That attitude, that recognition of the prime impor-
tance of technical superiority is still predominant at
P&W.A. today.
The field, of course, is broader now, the challenge
greater. No longer are the company's requirements
confined to graduates with degrees in mechanical
and aeronautical engineering. Pratt & Whitney Air-
craft today is concerned with the development of
all forms of tlight propulsion systems for the aero-
space medium—air breathing, rocket, nuclear and
other advanced types. Some are entirely new in
concept. To carry out analytical, design, experimental
Dr materials engineering assigtmients, men with
degrees in mechanical, aeronautical, electrical, chem-
ical and nuclear engineering are needed, along
with those holding degrees in physics, chemistry
and metallurgy.
Specifically, what would you do?—your own engi-
neering talent provides the best answer. And Pratt
& Whitney Aircraft provides the atmosphere in which
iat talent can flourish.
For further information regarding an engineering
pareer at Pratt & Whitney Aircraft, consult your col-
iege placement officer or write to Mr. R. P. Azinger,
pngineering Department, Pratt & Whitney Aircraft,
^st Hartford 8, Connecticut.
At P&WA's Connecticut Aircraft Nuclear Engine Lab-
oratory (CANEL) many technical talents are focused
on the development of nuclear propulsion systems for
fufure air and space vehicles. With this live mock-up
of a reactor, nuclear scientists and engineers can
determine critical mass, material reactivity coefficients,
control effectiveness and other reactor parameters.
Representative of electronic aids functioning for P&WA
engineers is this on-site data recording center which
can provide automatically recorded and computed
data simultaneously with the testing of an engine. This
equipment is capable of recording 1,200 different
values per second.
Studies of solar energy collection and liquid and vapor
power cycles typify P&WA's research in advanced
space auxiliary power systems. Analytical and Experi-
mental Engineers work together in such programs to
establish and test basic concepts.
PRATT & WHITINEY AIRCRAFT
Division of United Aircraft Corporation
CONNECTICUT OPERATIONS - East Hartford
FLORIDA RESEARCH AND DEVELOPMENT CENTER - Palm Beach County, Florida
Fig. 3. The components of the heart vector, as seen on an oscilloscope (left)
are at present analyzed by 2-dimensional projections right) of the generated
space curve. The Notional Bureau of Standards is in the early stages of
devising digital techniques for carrying out the some analysis by machine
methods.
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Artist's idea of the use of a computer to design new computers at the
National Bureau of Standards. The wiring table shown provides data on
length of wire, position of ends and type of terminal, and name and class
of signals.
DATA PROCESSING . . .
(Continued from Fagc 27
)
rive such equaf'oiis. Part of the coding
for this problem and an auxiliary code
for the analysis of data on highway ac-
cidents have been completed. The results
of the latter code, which relates the ac-
cident rate to control of road access,
were requested by the Congress for a
highway safety study it has authorized.
Another problem, dealing with the as-
signment of projected traffic to existing
and proposed routes, is handled by a pro-
gram which computes a "tree" of mini-
mum travel-time paths from each point
in an urban area to all other points.
Bureau facilities are used to make runs
for the Washington (D,C.) area, the
Minneapolis-St. Paul area, and the Co-
lumbus (Ohio) area.
Linear Programming
The Bureau solves a variety of logis-
tics problems quickly and easily by mak-
ing use of a relatively new mathemati-
cal field known as linear programming.
In applying linear programming to a
problem the first step is to interpret
mathematically the various conditions
imposed. On the basis of this analysis,
one of several linear programming com-
putation procedures, previously coded
for the computer, is applied to the data
of the specific problem.
The applicability of linear program- I
ming has greatly increased with the ad- I
vent of high-speed computers, whose
size and soeed permit the treatment of
larger and more complicated svstems.
Furthermore, the increasing availability
of such advanced computers suggests
that the utility of linear programming
can be greatly extended. Already the
Bureau is considering problems which
are formally similar to those solved by
linear programming techniques but have
prexiously been thought to be beyond
the scope of this method. Thus, Bureau
mathematicians A. J. Goldman and L.
S. Joel are investigating the reduction
of very-large-scale systems by approxi-
and combinatory methods, nonlinear pro- A
gramming, and stochastic programming. -'^
The Bmeau is attempting to extend
linear programming to a \ariety of prob-
lems ranging from the selection of fre-
quencies for air navigational radio sta-
tions at the request of the Federal Avia-
tion Agency to the allocation of medi-
cal supplies to hospitals through a depot
system with variable unit costs of ship-
ment and storage—a problem submitted
by the Veterans Administration and the
General Services Administration. Other
work includes two studies for the Fed-
eral Communications Commission. In
one, the Bureau is determining the opti-
mum channel frequency and station lo-
cation for commercial television stations.
In the other, it is seeking the optimum
(Continued on Page 49)
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The Versatility of Radiography in Non
Destructive Testing of Materials
By Thomas H. Gabbard
Xon-(icstructi\(.- tcstiii"; of mati-iials
consists of directiiifi a ganinia ray or
X-ray through a piecf of nu'tal onto a
tihii. The rays \ary in intensity inverse-
h' with the density of the test piece
tliroueh which they pass. A void in the
metal being examined will allow great-
er freedom to tlie passage of the rays
.•nd, therefore, greater exposure on the
film in that particular area. The film
serves as a nien.ns of checking a castin;j
for fissures, cracks, or voids.
The X-rays and ^^amma ra\s that are
• i''ed to test the materials are similar to
'irrht ravs. but they are invisible to the
human eye and have short wa\e lengths.
They also h-'v" more penetrating power
than li^ht. The ra"s are produced in
two different wavs. X-ravs are produced
in a cathode tube similar to a television
tube. The free electrons created in the
cathode tube are beamed onto a target
of some appropriate metal. These elec-
trons, when stopped by the tarr^et, re-
place electrons in the atoms of the tar-
get. When this exchange occurs, energy
is given off in the form of X-ravs. The
intensity of the X-ravs depends upon
the power supplied in producing the
free electrons. Therefore, X-rav inten-
sity may be varied by altering the volt-
age to the machine.
Gamma rays are similar to X-ravs,
but gamma rays are created during the
deterioration of a radioactive isotope.
The isotopes are by-proilucts of an
atomic pile. As they deteriorate to a
lower energy state, energy is given off
in the form of gamma rays. The in-
tensity of the gamma ravs depends on
the particular isotope used and, there-
fore, may be varied by changing the iso-
tope.
X-ray and gamma ray equipment
make a mobile, versatile inspection tool
in that safe, reliable, non-destructi'.e
tests can be made of parts that ha\c
\aried thicknesses, odd shanes, or in-
accessible surfaces. Versatility is the
main advantage of the radiography in-
dustry. One piece of X-ra\' equipment
may be used to inspect a 111 inch ^teel
forging for a machine or a I'j inch
alumnium sheet for an airplane fusel-
age. Union Carbide installed a 2 mil-
lion volt X-ray machine on an overhead
crane that would permit the equip-
ment to mo\-e verticallv or horizontallv.
or to rotate. This p.irticul;n' installation
enables the company to inspect known
trouble spots in large castings from an>'
angle. Where the material of the cast-
ing is \ery thin, the pouer of the ma-
chine is turned down so that satisfac-
tory radiographs can be obtained. At
thicker sections the power is increased
for deeper penetration. Graphs are sup-
plied witli the equipment to indicate
what power to use in any situation.
Smaller X-ray machines are niounte<l
on fork-lifts or rolling carts. These
mountings create mobility in the equip-
ment, [devices of this kind weigh as lit-
tle as 100 pounds for 100,000 volts.
X-rays can be taken to any part of the
plant where a power source exists. The<e
smaller mobile units are used in the air-
craft and shipbuilding industries where
the product is too large to move to the
insnection equipment.
Safet.\' is an integral part of X-ray
equipment. Since the focal point of the
radiation is only about one millimeter
in diameter, the operator can stand be-
hind the equipment, which is designed
to be a shield, and be perfectly safe. A
control unit, separate from the source
of X-rays, can be placed an\where.
When the power is turned off no radia-
tions are emitted ; consequently, the
equipment can be moved frcclv.
(ramma ray equipment has many
versatile properties, too. This relatively
new industry is finding widespread ac-
ceptance in bridge construction, foim-
dry work and shipbuilding. The equip-
ment, containing the power source in
its interior, is light and of one piece con-
strviction. A gamma ray source may be
carried to bridge sights where no power
source is a\ailable, or it ma\' be moved
around in the shop.
The radioactive isotope is a more
powerful radiation source than the
X-ray equipment. For this reason, gam-
ma sources are smaller and more com-
pact than equivalent X-ray sources. One
man can carry a lower power piece of
gamma ray equipment which weighs
onh' 3^ to 50 povnids.
The man who carries this eiiuipnicit
will be entireh' safe. The gamma radia-
tion is constant, but the equipment is
constructed so that the cone in which
the "slug" is placed is rotated. By ro-
tating the cone, the opening is covered
by a protective sheild. When the eqmp-
ment is in use, the cone is lined up with
an exterior opein'ng. The operator can
safely stand behind the equipment.
A new use of gamma radiography is
being developed in the boiler and pres-
sure vessel industries. The radioactive
source is removed by remote control
from the carrier and placed inside the
vessel. Since the radiations are non-di-
rectionaly, one exposure will radiograph
the entire perimeter of the vessel. To
•iccomplish this task with X-rays the
equipment has to be rotated slowh' so
that the "spot" circles the perimeter.
Gamma radiography is highlv mobile,
but the ability to radiograph varied
thicknes.ses is limited by the specified
ran^e of the isotone in use. Cobalt 60
mav be used satisfactorilv for 3 inches
to 10 inches of steel, whereas Iridium
\92 is better suited for 3'4 'tKh to 3
inches. If one source is available, it is
n"t practical to have a standby source
of another isotope since decay of the
material occurs constantlv.
Another limitation to the use of gam-
ma rays arises from the need for many
charts to determine the exposure time
and permissible thickness, each of which
qualities chansres with time.
The versatility of both X-rays and
^"^amma rays is limited to some extent
—
X-rays b\ the need for power source
and gamma ra\s by the unchangeable
radiation of each isotope used. How-
ever, these limitations are neglible when
compared to the savings accrued by
being able to determine defective ma-
terial quickly and easilv. The gamma
ray and the X-ray equipment can be
used to inspect a wide range of thick-
nesses in many materials and to inspect
odd shapes and inacccssable surfaces.
Both are highly mobile due to the rela-
ti\el\' small size of the equipment.
Due to inherent disad\ antages of
changing source intensity. costK' replac-
ing of sources, and waste from cotistant
decay, the gamma radiographic equip-
ment has not achieved the widespread
popularity of the X-ray equipment.
However, new demands for non-des-
tructive testing may change this situa-
tion in the near future. If the price of
radioacti\e isotopes were reduced, the
demand for this type of equipment
would increase, since both provide safe,
economical, non-destructive tests of ma-
terials under a varietv of conditions.
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JUDY SCHIEMANN
As winter winds begin to blow and old man
winter is just around the corner let's take a look
at Judy Schiemann as we found her last sum-
mer—beautifully tanned and with her blonde
hair bleached only by the sun. Judy loves all
water sports and with her 5'6", 34"-23"-34"
figure, she certainly does justice to her bathing
suit.
Judy has now pust aside water skiing for
the winter and is spending her freshman year
studying art in preparation either for a career
in painting or for teaching art. In her spare time
she lives to dance and she enjoys both jazz and
classical music.
Judy is a Chicago girl, but is now living at
Van Doren Hall and serves on its standards
board. One last tidbit of information— she's quite
datable and can be reached at 2-6511 ex 1044.
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Energy conversion is our business
Earth's attraction for an apple?
Free fall in relativistic space?
A complex meson field?
Built-in return power for project
Mercury?
How is it related to binding energy?
Gravity is both a bane and a boon to man's
efforts — and a thorough understanding of
it is of great significance in the completion
of Allison's energy conversion mission.
Gravity conditions our thinking on ad-
vanced assignments. For example, in
outer space there is a disorientation of
conventional design. The fact that large
accelerations can be obtained with low
thrust forces has taken us into the new field
of electrical propulsion, ion and magneto-
hydrodynamic rockets.
In our inquiries, we supplement our own
resources by calling on many talents and
capabilities: General Motors Corporation,
its Divisions, other individuals and organi-
zations. By applying this systems engineer-
ing concept to new projects, we increase
the effectiveness with which we accom-
plish our mission — exploring the needs of
advanced propulsion andweapons systems.
Division of General Motors, Indianapolis 6, Indiana
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THE NIKE SYSTEMS
By Ronald Zachary
Z^22Z^U,
Toda3' the newspapers are filled with
news of missiles and satellites. The
papers have brought to light the fact
that our potential enemy is eight years
ahead of the United States in the mis-
sile field. Our enemy, as reported, has
missiles (ICBM's) capable of bombard-
ing every major city in our country.
Just how are we preparing to defend
our country against such an attack?
The L nited States army is now de-
veloping an anti-missile missile—the
Nike Zeus. Since the infonnation on the
Xike Zeus is still confidential, the Nike
Ajax system will be explained. The basic
missiles and control systems are the
same in both Nike systems.
The overall system will be explained
and then, the control system.
The Nike Ajax set is divided into two
definite areas—the integrated fire con-
trol are (IFC) and the launching area.
The launching area contains the launch-
er, the section control panel, and the
launching control trailer. The IFC area,
which is a considerable distance from the
launching area contains the target track-
ing radar (TTR), the missile tracking
radar (MTR), the acquisition radar,
the material and service trailer, the
radar trailer, and the battery control
trailer.
The battery control trailer is the
heart of the control system for the Nike.
From here the Battery Commander
(EC) directs the firing of the missiles.
This trailer contains duplicate radar
screens as in the radar trailer, the elec-
tronic computer, the tracking board, and
the switches necessary- for firing the mis-
sile.
After a probable target is picked up
on the acquisition radar, a signal is sent
out to determine whether the targets
are friends or foes. If it is determined
that the targets are foes, the B C then
selects the most likely target. By means
of a peepscope on the acquisition radar
screen, the TTR is locked on the tar-
get automatically.
At the same time the B C selects
one of the ready missiles. The MTR is
then locked on the missile selected.
Once the TTR is locked on the tar-
get and MTR is locked on the missile,
the pertinent infonnation is sent into
the electronic computer. The electronic
computer then transcribes the informa-
tion to the tracking board.
The tracking board uses two point-
ers. The first pointer shows the dis-
tance and altitude of the target while,
before firing, the second pointer shows
the probable point of interception. When
the B C determines the most advan-
tageous time to fire, he presses the fire
button. The missile is fired automatical-
ly and the second pointer then shows the
position of the missile.
After the missile has been fired, the
MTR sends pertinent infonnation on
its position to the computer. At the same
time TTR is feeding information on
the target to the computer. As the target
changes course, the computer deciphers
the information and then sends control
signals to the missile to alter its course
to intercept the target. When the mis-
sile is within killing range of the target,
the missile is automatically exploded,
destroying the target.
Probably the most important advan-
tage is that, once the missile has been
fired, nothing is left to human error.
Everything is done automatically. Also,
the target cannot escape the missile as
long as it is within the missile's range.
The speed of the missile is faster than
that of any known aircraft today.
Probably the biggest disadvantage of
this system is that the radar can be
jammed. This can be done only by a
multi-signal generator which is very
large and bulky, and cannot be trans-
ported in an aircraft. At last known
count, there were only four within the
L nited States, and these were licensed
by the government.
The only other disadvantage is that
human error is possible in the prepara-
tion of the missile for firing and there
is the possibility of failure of certain
components of the missile. Through re-
search, most of the known failures have
been eliminated.
This basic system is applicable to the
Nike Zeus missile with a few changes.
These changes must incorporate a means
of control of the missile when it leaves
the atmosphere. Both of these problems
are now being worked out by the Uni-
ted States Armv.
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Northrop is an analog- for progress where engineers
-and ideas -grow to reach their maximum poten-
tial. It takes a lot of engineer to measure up to
Northrop's creative engineering challenges.
To convert our sophisticated requirements into
producible and reliable systems calls for intellectual
stature, disciplined imagination, and an explorer's
venturesome curiosity.
Northrop is rich in advanced projects to grow on.
If you want to associate yourself with an organiza-
tion that is producing tomorrow's technological
headlines today, stand up and be measured. Send us
a card or letter today with your name, address, and
area of special interest.
NORTHROP CORPORATION, P.O. BOX 1525, BEVERLY HILLS, CALIF.
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CIVIL ENGINEERING
at the
UNIVERSITY OF ILLINOIS
Civil engineering is a broad field em-
bracing much of the technological de-
velopment of our country. It can be di-
vided into four major areas: structural
engineering, transportation engineering,
sanitary engineering, and hydraulic en-
gineering ; other areas of interest are
surveying and mapping, city planning,
construction, power production, and
engineering mechanics. It can be seen
that work in civil engineering influences
almost all other engineering fields.
Structural engineering deals with de-
sign and construction of bridges, build-
ings, dams, retaining walls, tr.nnsmis-
sion line towers, subways, and similar
structures; extensive use is made of soil
mechanics and foundations. Transporta-
tion engineering is concerned with our
airfields and our networks of highways,
railways, and waterways. Sanitary en-
gineering protects our health by work-
ing on the problems of water supply
and drainage, industrial diseases, food
supplies, disposal of radioactive waste,
conversion of sea water to fresh water,
and air pollution. Hydraulic engineer-
ing deals with the control and trans-
portation of fluids and involves pipelines,
canals, power generation, and reser\'oirs.
The role of the civil engineer in the
atomic and missile age is very import-
ant, as demonstrated by his work in the
design and construction of bomb shel-
ters and shielding for nuclear reactors
and his valuable assistance in materials
for and structural design of jets, mis-
siles, and their supporting equipment.
The area of engineering mechanics alone
involves the study of basic laws under-
lying statics, dynamics, seismic forces,
elasticity, plasticity, properties of ma-
terials, fluid dynamics, and mathemati-
cal and computer methods.
This year the Department of Civil
Engineering at the University of Illi-
nois is offering a new curriculum de-
signed to give the student the broad
background needed in modern civil en-
gineering—a backgroimd that pro\'ides
an excellent basis for entry into other
fields of engineering or a career in sci-
ence. The curriculum emphasizes mathe-
matics and the natural and engineering
sciences along with electives in the so-
cial sciences and humanities. Although
stressing the properties and behavior of
materials in design, the program gives
basic insight into the principles govern-
ing the design of water supply and sew-
age disposal systems, transportation fa-
cilities, dams and other hydraulic struc-
tures, buildings, and bridges.
During the first year, the program
is identical with that required of all
engineers, and during the next two
years, courses lead toward a degree in
civil engineering. During the fourth
year, there are certain required courses,
but there is also an opportunity to take
electives in a field of major interest
and specialization. The fields in which
electives may be taken are: structural
design and constructution ; transporta-
tion ; highway planning, design, and
construction; sanitary engineering; sur-
veying and mapping; construction plan-
ning, methods, and equipment ; railway
design, construction, and maintenance;
and hydraulic design and construction.
Research plays an important part in
the graduate program of the depart-
ment. It is coordinated with class work
so that valuable experience may be
gained by participating in a creative ef-
fort directed toward investigation of
basic problems. The research program
attracts the better-than-average students
who provide a supply of new ideas.
Much of the research is done in the
field of structures and structural me-
chanics. Here, the wide range of struc-
tural behavior under static, fatigue, and
dynamic loads is investigated in one
of the best laboratories of its kind in
the country. Testing machines produce
loads varying from a few thousand to
three million pounds, and the data
gathered from them is analyzed with
the aid of a high speed digital computer
and an analog computer. Tests on pre-
stressed concrete have recently resulted
in a new method of erecting structures
with high strength bolts. Of much im-
portance has been the series of field in-
vestigations of the effects of atomic
bomb blasts on buildings and under-
ground structures.
The ever increasing volume of traf-
fic on our nation's highways has in-
creased the demand for research by high-
way and traffic engineers into traffic
control and regulations, pavements, and
management. In sanitary engineering,
basic principles underlying sanitation
are being studied through chemical, bio-
logical, bio-chemical, and radiological
research. In the field of soil mechanics
and foundations, the factors governing
soil behavior and performance of foun-
dations, pavements, and earth structures
are evaluated. Hydraulic engineering re-
search is concerned with the flow of
water in natural streams and in struc-
tures, with special interest in dams,
culverts, street inlets, and the runoff
of storm water from urban areas.
To keep pace with the ever-increas-
ing demands of modern technology, the
profession needs graduates with inter-
ests in any of the options. It is evident
that study in civil engineering prepares
the student for many career possibilities
whether he be interested in research
or in practical applications.
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TRACE CIRCUITRY
A new testing device which automati-
cally guides a radio seniceman in pin-
pointing faulty circuits and components
in a transistor radio has been perfected
by the Philco Corporation.
The device is a rigid plastic panel, a
facsimile of the actual radio circuitry,
that aligns with the radio printed circuit
chassis panel and diagrams a complete
test procedure for quick, foolproof ser\-
icing of transistor radios. It is so de-
signed that even service technicians un-
familiar with transistor circuits can lo-
cate and determine faults in a few
minutes.
Service engineers have named the new
device Trace (patent pending) for
Transistor Radio Automatic Circuit
Evaluator.
Trace panels contain color-coded cir-
cuit paths and printed locations of
major components that match the vari-
[
ous chassis in transistor radios.
Further visual identification is made
I
of the R-F, I-F, and audio signal paths
i
proceeding from the antenna to the
speaker. Voltages, signal types, compo-
nent identification and other pertinent
; information is included.
Small holes are punched in the panel
at each signal or voltage test point.
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When the panel is positioned over the
circuit .side of the radio's printed drcuit
chassis, these holes fall directlv over
corresponding terminals. Guides are pro-
vided on the Trace panel to a.ssure exact
allignment with the radio circuit, while
the panel is held in place during test
procedures.
With the Trace panel in place, the
technician simply uses signal generator
to inject a signal of correct frequency
at the test points indicated. This is done
by inserting the generator probe in the
appropriate holes identified on the panel.
The colors of the signal paths show ex-
actly what frequenc\' and type of signal
to use.
By working along the signal path
from the speaker to the antenna, the
technician can determine when a fault\'
stage is reached by the change in sound
emitting from the speaker. The stage in
question is then checked by a voltmeter.
This is easily accomplished since the
Trace panel has holes located at the
terminals of each major stage whidi
are labeled with the correct voltage.
A chart supplied with the Trace unit
lists the defect and or component to sus-
pect when the voltage varies either
above or below the correct values. The
technician then can replace or repair
the fault\' stage.
The Trace panel evolved from the
function of a much more complicated
apparatus called ACE (.Automatic fon-
tinuity Equipment).
ACE is a complex computer used to
test printed circuit panels during manu-
facture b>- means of finger contacts, re-
lavs, solenoids, bridge circuits and the
like. When a panel does not meet all
specifications, the ACE equipment re-
jects it and prints the exact spot of the
fault on a tape pennitting accurate cor-
rection of the trouble before installation
of the assembly in the receiver chassis.
The Electronics Education Unit of
Philco developed the Trace panels to
make this same basic test procedure
available to service technicians every-
where at a very modest cost.
Since each transistor radio model re-
quires its own Trace panel, a set of lu'ne
will be initially available to cover Phil-
co's current product line. Additional
Trace panels will be made available
when new transistor radio models are
introduced.
Service technicians may obtain Trace
panels from their local Philco distribu-
tor.
39
Dynamic Balancing of Rotating
Machine Elements
By Jed L. Metcalf
A project of reworking the spindle
on a horizontal lathe has just been com-
pleted for the purpose of gaining cer-
tain additional clearance on the bed. It
is turned on and runs perfectly until it
reaches number three speed where it be-
gins to vibrate very sharply at every
revolution. What can be done? Or, sup-
pose the job is to plan a line for the
production of transmission shafts. After
proven, this line is to go into large
scale production on a permanent basis.
After the line is working fine, word
comes back that one out of every five
shaft assemblies is producing such vibra-
tions that it is not acceptable. What is
the next move ? At one time an engi-
neer would simply have put the part on
free bearings to see if it had a heavy
side, compensated for this unbalance,
made his machining operations more
precise, and then allowed for the num-
ber of rejects that came through. In
the last few years, however, industry
has become very aware of the amount
of wear and damage which a small un-
balanced vibration can cause, and the
need of balancing as a part of many in-
dividual production lines. Even the
CTA in Chicago is in the process of
having the crankshafts on their buses in-
dividually balanced as they are removed
for overhaul.
]VIost of us are familiar with the
basic principles of balancing, however,
we will quickly refresh our memories.
Diagram one shows the static balance,
in which a piece is placed on free bear-
ings, and the heavier side turns to the
bottom. Diagram two shows balance
where a part is rotated and the rotor
will always be pulled in the direction of
the heavier point because of centrifugal
force. This unbalance will cause a flex-
ing of the shaft, which will add to the
unbalance. Third is the dynamic balance
or unbalance which, because the heavy
points are on opposite ends and opposite
sides of the shaft, will cause the rotor
to twist on an axis perpendicular to
the axis of rotation. In number 4, where
kinetic and dynamic unbalance are to-
gether the shaft will trv to bounce
straight out of the bearings and twist
out at the same time. A dynamic un-
balance which, because the heavy points
are on opposite ends and opposite sides
of the shaft, will cause the rotor to twist
on an axis perpendicular to the axis of
rotation. When both kinetic and dy-
namic unbalance are together the shaft
will try to bounce straight out of the
bearings and twist out at the same time.
A dynamic unbalance cannot be found
by any simple static test, because it can
be present when a shaft is in perfect
kinetic balance.
In order to show the basic method of
dynamic balancing, the equipment built
bv Stewart - Warner Corporation is
shown in figiu'e 5 in outline form.
It is known that there is a critical
speed at which an unbalance quickly
rises to its maximum amplitude or vi-
bration. This can be seen on the graph
above. At this critical point it is much
easier to detect and measure the amount
of unbalance.
As shown by diagram 6 the trunnion
bearing is mounted on the end of a leaf
soring which will permit movement as
the workpiece or shaft is vibrated. The
dashpot is used to dampen the vibrations
as necessary in order to prevent damage
to the equipment, and is adjustable to
several different ranges. The driver coil
is mounted on the shaft and induces
current in the pickup as the shaft oscil-
lates. This current, of course, will have
the same frequency as the vibration, and
will be proportional to the amplitude of
the vibration.
Each end of the shaft will be riding
on a system independent of this spot.
If both ends oscillate together, the elec-
tronic analyzing eqin'pment will regis-
ter kinetic unbalance, and if thev oscil-
late opposed it will indicate dynamic
imbalance.
A strobscopic light is focused on the
work, and is triggered by the signals
from the pickup so that it flashes at the
frequency of rotation. By markings on
the piece which will be seen when the
strob flashes, the angular location of the
unbalance can be located. When the
workpiece is again at rest, either ma-
terial can be removed from the heavy
side or weight added to the light side
to bring it into balance. The piece will
be balanced first for kinetic balance at
its critical speed, then at the dynamic
critical speed.
The work will be rotated by means
of the belt drive shown, which is manu-
ally brought down on some part of the
rotor. The rotor is driven above the
critical speed, then allowed to coast
down through the critical again at
which time readings are taken.
Stewart - Warner's equipment will
take a rotating piece up to 5000 pounds
weight and measure to a sensitivity of
.01 inch ounce. Dawe Instruments in
London have a similar machine for
smaller work that will measure imbal-
ance to .0064 inch ounces. In balancing
the rotors of certain small ser^o motors,
weight is added in the form of a ver)'
tiny spot of paint, placed on the shaft
itself so that it will only be 1 16 inch
or so from the axis of rotation to pre-
vent overbalancing the rotor.
At present there is a growing need
and use of balancing in automation pro-
duction lines. For this type of work,
Gisholt Machine Corporation has de-
veloped the system shown in figure 7.
The drive motor turns the spindle
and workpiece which is attached. The
crystal pickup will respond to the vi-
bration and deliver a signal, synchron-
ous with its frequency, to the meter
relay. This relay has contacts set at
zero signal and at maximum tolerance
contacts close, the weighing motor
starts, slowly turning a potentiometer to
send a signal back into the relav which
is just out of phase with the pickup sig-
nal. When this new signal is sufficient
to cancel out the other signal, the zero
relay contacts close, stopping the weigh-
ing motor. The angular position of the
potentiometer serves to indicate the
amount of unbalance being measured.
Meanwhile, the stationary strob tube
is flashing with the vibration signal, and
the phototube table is slowly turning.
When the phototube finds the strob light
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flashing through the sh't in the cup, the
table locks where it is.
When both processes are completed.
the main drive stops, and the index
motor turns the spindle until a light
from the strob tube reaches the photo-
tube in its locked position. At this posi-
tion, the heavy spot on the workpiece
will be in the proper position for a mill-
ing tool, drill chuck, or other tool to
move in. If the piece is to be milled
or drilled, the movement of the tool
is controlled by the position of the cam
which turned with the weighing poten-
tiometer. After this correction operation,
the piece is again balanced, and if the
tolerance contact closes this time, the
piece is automatically rejected. In com-
pletely automatic lines if the piece is ac-
ceptable, it will then be automatically
removed and another one put in.
Many times, it is ver>" desirable to
balance a shaft or rotor while it is in
its natural environment. The Interna-
tional Research and Development Cor-
poration describes equipment \vhich in-
cludes a pickup and probe unit, strob
light, and electronic analyzing equip-
ment. The pickup is manually held
against the suspected part or piece to
be balanced, and again the strob light
is triggered by the pickup signal. Their
pickup will sense a vibration of .000001
inch for 500 to 160.000 cycles per sec-
ond.
A particular problem in regard to
various balancing equipment is calibra-
tion. It is becoming more common now
to specify a certain tolerance of unbal-
ance, and on some major rotating com-
ponents it is requested that the unbal-
ance be marked right on the piece itself.
This requires that these machines be ac-
curately calibrated, which can be a diffi-
cult problem. Just recently a step was
made when a special \ector system was
worked out for the calibration of cer-
tain types of balancing machines.
Industry is steadily taking more ad-
vantage of the reduced wear, longer
machine life, and reduced noise avail-
able through balancing. It is good that
engineers be aware of the principles and
availability of hand operated, portable.
and automatic balancing equipment so
that they may be able to meet problems
calling for such knowledge.
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Skimming
Industrial
Headlines
Edited by Wally Cwik
Newmark and Jennings Present
Papers in Japan
Prof. N. M. Newmark, head of the
UI Civil Engineering Department, and
Richard L. Jennings, research associate
in CE, presented papers at the Second
World Conference on Earthquake^ Eii-
p:ineering, held in Tokyo and Kyote,
japan, July 11 through July 18. The
conference was attended by over 500
delegates. Of the 120 delegates from
27 non-Japanese countries, 32 were from
the I'nited States.
Newmark presented a paper prepared
bv himself and Prof. A. S. Veletsos, UI
Civil Engineering Dept., on the "Effect
of Inelastic Behavior on the Response of
Simple Systems to Earthquake Mo-
tions." Jennings presented a paper writ-
ten by himself and Newmark entitled
"Elastic Responses of Multistory Shear-
Beam Type Structures Subjected to
Strong Groimd Motion."
During the conference Prof. New-
mark was guest of honor at a dinner
given by ten Japanese engineers, nine
of whom had received degrees in civil
engineering at the University of Illinois.
The tenth man, John K. Minami, had
been on the civil engineering staff for
a semester.
Cloud Advertising
An oil company is said to be inter-
ested in using a machine that projects
a 1 ,000-yard-wide picture on clouds five
miles away for advertising purposes,
reveals National Petroleum News, Mc-
Graw-Hill publication.
What! No Crumpets
A service-station dealer in San An-
tonio gives away a can of sauerkraut
with each tuneup of a German car. a
jar of French dressing for similar work
on a French car, and a can of spaghetti
for work on an Italian car.
Water's Fine for Fish
Gates at the Whiskeytown Dam. to
be built near Redding, Calif., will blend
warm and cold water to a temperature
fish like. Warm water from the top in-
take and cold water from the bottom
intake will flow out through a single
control gate upstream from the dam.
Warm Carpet
An electric carpet producing 1,000
watts has been made in England. An
electric heating element is woven into
the rug at two-inch intervals. Makers
of the carpet claim it can be shampooed,
vacuumed, and will withstand the
weight of furniture.
Persistence Counts
Eighty per cent of all sales are made
after the fifth call, according to a re-
cent survey, but about half of all sales-
men quit calling after an ineffective
first call. A fourth of all salesmen quit
after making two calls, an eighth after
three calls and a tenth keep calling,
making 80 per cent of all sa'es.
Red Sea Power Proposal
An Egyptian occanographer proposes
a $15-biIlion electric power scheme to
dam the Red Sea at both ends. After
two years, evaporation would drop sea
level about 24 feet. Then, Indian 0;-ean
water, metered to equal the Red Sea's
estimated 1.5 million-cubic-feet-a-second
evaporation rate, would be admitted
through power turbines with a capacity
of 50 million kilowatts.
Fabric That Breaths
The development of a porous water-
proof fabric—a long-time goal of tex-
tile finishers—appears to be close to
reality. A polyethylene film has been
produced that will transmit water va-
por at up to 80 per cent efficiency.
Possible uses for the fabric, besides tex-
tile applications, include as filters and
in water-purification apparatus.
Lyrical Paving Contract
A Dallas paving contract sounds as
if it may have been written by a song-
writer. The $4,600 job requires the con-
tractor to pave Moonglow Drive and
Old Ox Road from Red Bird Lane to
Blue Moon Drive.
Dr. Kara Goes Abroad
Dr. Houssam M. Karara, assistant
professor of civil engineering, Mrs.
Karara and their children, Anna Maria
and Menet, have returned to their
home in Champaign from a trip to Eu-
rope. After teaching in the first five-
week term at the UI Civil Engineering
Surveying Camp, Black Duck, Minn.,
Prof. Karara returned to Champaign.
While here he supervised the installa-
tion of a new piece of photogrammetric
equipment known as the Nistri Photo-
cartograph V in room 108 Surveying
Building.
Following visits to the Institute of
Photogrammetry at Milan, Italy, and
the Wild-Heerbrugg Instnnnents Com-
pany in Heerbrugg, Switzerland, Ka-
rara attended a five-day short course in
photogrammetry at the International
Training Center for Aerial Surveys at
Delft, The Netherlands.
From September 5 to 13 Dr. Karara
was in London, England, where he par-
ticipated in Ninth International Con-
Congress of Photogrammetry, present-
ing an "invited" paper on "Reduction
of the Efi'ect of the Deflection of the
Vertical on Photogrammetric Work in
Geogetically E nexplored Regions."
Black Carpet Rolled Out
A 44-story office building going up
in Houston, Tex., will rest on a black
carpet of rubber. The butyl rubber car-
pet will be used to waterproof the
building foundation.
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Jobs at
Du Pont
offer,
Challenge
...important, stimulating work
in your chosen field, for a
company that's a leader in
research—the development
of new products, new ways of
producing them, and new
areas for their use. Du Font's
methods of training, extensive
modern equipment and work-
ing atmosphere will help you
work at the top of your ability,
help you keep growing.
Opportunity
...for continuing advance-
ment consistent with your
qualifications, working with
men who have made their
mark, learning from men who
have achieved. Here you are
given every encouragement to
score your own success. Here
you are an individual; your
own good ideas are wanted,
you are credited with them,
and you will be rewarded for
them.
CHEMISTS ENGINEERS
PHYSICISTS
MATHEMATICIANS
due soon to receive a Bachelor's, Master's or Doctor's degree . . . talk with your
placement officer ... or with our personnel representative when he is on campus.
Or write us. E. I. du Pont de Nemours & Co. (Inc.), Room 2430-11 Nemours
Building, Wilmington 98, Delaware.
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Better Things for Better Living . . . fhrough Cbemisiry
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Latest Reactor 'Goes Critical'
The nuclear reactor tor the nation's
latest atomic power plant went critical
at Rowe, Mass., on August 19. The
Yankee Atomic Electric Company's
plant there is the first nuclear-powered
electric generating station in New Eng-
land and will begin producing power
this fall for the 10 utilities which joint-
ly own the facility.
Charles H. Weaver, vice president
—
atomic power products for Westing-
house explained that the Yankee reactor
is the latest advance in the development
of water cooled and moderated nuclear
reactors. Criticality represents an im-
portant milestone in the three-year con-
struction program of the 136-megawatt
atomic electric generating station, he
said. The reactor is the largest yet de-
signed and developed by Westinghouse
Electirc Corporation.
Yankee engineers put the plant into
its criticality phase following two weeks
Avork while 76 uranium oxide fuel as-
semblies were individually placed in
position. Before the fueling operation
was started, a 20-ton barrel-like struc-
ture was lowered into the pressure ves-
sel to support the 76 fuel assemblies
which make up the core, or fuel charge,
of the reactor.
The core support is a stainless steel
cvlinder about six feet in diameter and
18 feet high which supplies the struc-
tural support for the fuel assemblies in-
side the reactor. The engine support was
lowered into the 165-ton pressure ves-
sel with only one-sixteenth of an inch
clearance from the sides of the vessel.
In addition, the core support will help
guide 24 control rods which adjust the
rate of the fission process in the reactor.
Fissioning atoms in the reactor will heat
high pressure water in the primary sys-
tem to 529 degrees Fahrenheit.
Water in the priman^ system is under
a pressure of 2000 psi and will flow
through the pressure vessel at a rate
of 94,800 gallons a minute. This water
will be pumped through a heat ex-
changer, causing water in a separate
secondary water system to turn into
steam. From this point on, the generat-
ing station operation is exactly the same
as at a conventional station. The steam
drives a turbine-generator to produce
electric power.
Westinghouse and Stone and Web-
ster Engineering Corporation have been
jointly responsible for the engineering
design of the plant. Westinghouse de-
veloped the nuclear steam generator and
is also supplying the turbine-generator
and other electrical apparatus. Stone and
Webster handled the over-all design,
layout and construction of the plant.
Electricity' from the Yankee atomic
installation will be fed into the electri-
REFRIGERA TING
ENGINEERS
Have more than doubled fhe capacity of
synthetic rubber reactors with an improved
and patented cooling system—one of many
Frick developments of vital interest to de-
fense, to Industry, and to business.
When you take the FrIck Graduate Training
Course you enter a growth program, with ex-
cellent pay and exceptional opportunities.
Get full details today from your College
Placement OfRce or from
FRICK COMPANY
ESTABLISHED 1853
Waynesboro, Pennsylvania
cal transmission grid of the sponsor-
ing companies that provide 5/6 of the
electricity used in New England. Utili-
ties participating in the Yankee project
which will receive power from the nu-
clear generating station include New
England Electric System. The Connecti-
cut Light and Power Company, Boston
Edison Company, Central Main Power
Company, The Hartford Electric Light
Company, Western ^Lassachusetts Elec-
tric Company, Public Service Company
of New Hampshire, Eastern L tilities
Associates, New England Gas &: Elec-
tric Association and Central Vermont
Public Service Corporation.
The Yankee reactor fuel consists of
25 tons of slightly enriched uranium
oxide pellets. More than 23,000 stain-
less steel tubes filled with these pellets
have been fabricated into the 76 fuel
assemblies, each of which is approximate-
ly eight feet long and eight inches
square. The uranium oxide pellets are
0.294 inches in diameter and 0.6 inches
long. There are almost 3.500,000 of
them in the reactor.
The 24 control rods, made of a silver-
indium-cadmium alloy, have been ar-
ranged throughout the reactor core to
absorb a portion of the neutrons and
thus control the rate of the fission proc-
ess.
Bridge Gets Aesthetic Touch
New Zealand engineers erected a
bridge at Wellington that not only is
structurally efficient and economical,
but aesthetically pleasing as well. The
bridge has a duck-egg blue undersur-
face, an off-white facing surface, and
handrails are red and white with white
lattice work.
What's in a Nome?
Soon after missiles were developed,
an anti-missile missile was produced to
ward off enemy projectiles. Now, the
L . S. is planning an anti-anti-missile
missile missile. The small missile would
be installed in a large missile to shoot
down enemv anti-missile missiles.
Spot-Check Roulette
B\ placing white and black marbles
in a gum-dispensing machine, a Hous-
ton, Tex., plant is leaving it up to
chance to pick cars that will be spot-
checked at closing time. As a car ap-
proaches the gate, a guard works the
gum lever, if a black marble comes out,
the car is checked ; if white comes up,
the car is waved on.
Transmissionless Car Sought
Cars without transmissions may be a
reality if research being done by the
Army is successful. Engineers, trying to
perfect an engine that will deliver pow-
er directly to a vehicle's wheels, report
they are halfwav toward their goal.
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production of a wide variety of products for
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placement director, obtain a copy of
"Raytheon . . . and your Professional
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interview. Or you may write directly to
Mr. J. B. Whitia, Manager-College Relations,
1360 Soldiers Field Road, Brighton 36, Mass.
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By
Steve Dilts
The Reverend Charles L. Dodgson,
who is better known under the pseu-
donym, Lewis Carroll, was quite a
mathematician as well as a writer. The
following brainteasers from Scientific
American are attributed to him.
1. Lewis Carroll was presented with
the problem of finding three right tri-
angles of equal area with integral sides.
Actually there is an unlimited number
of such triangles, but we shall limit the
area to less than 1000. As a hint, Car-
roll found a pair: 20, 21, 29 and 12,
35, 37. See if you can find three with
equal areas.
2. A says B lies ; B says C lies ; C says
A and B lie. Who lies and who tells
the truth?
3. Carroll developed many solitaire
word games. One of these was Doublets
in which appropriate pairs of words of
equal length are used. The objective of
the game is to change one word into the
other by using a minimum number of
intermediate words in\olving a change
of one letter. Proper names are not al-
lowed. For example : pig-sty
pig
wig
wag
way
say
sty
Here are six more
:
Prove GRASS to be GREEN.
Evolve AL-W from APE.
Raise ONE to TWO.
Change BLUE to PLNK.
-\L-ike WINTER SUMMER.
Put ROUGE on CHEEK.
4. Carroll also liked to play Ana-
grams with the names of famous people
( for example : William Ewart Glad-
stone—Wild Agitator! Means Well).
He found a h\phenated word in the let-
ters ABCDEFGI. Can you?
(Ansivers on Page 49)
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.where a group of outstanding scientists
and engineers are conducting both theoretical
and applied studies in many aspects of the
science of communications
While our broad concern at Stromberg-Carlson is in the acqui-
sition, transmission, processing, storage and display of com-
munications data, ancilliary investigations — often seemingly
remote — are carried on to enhance our basic understanding
of the communicatioiis field.
TO THE ADVANCED DEGREE CANDIDATE this fre-
quently offers the opportunity, upon completion of his studies,
to continue theoretical investigations initiated in thesis
preparation.
TO THE MAN WHO HAS RECENTLY RECEIVED HIS
BS, it pro\'ides varied career choices: to work directly with
experts on research projects: to participate in advanced devel-
opment engineering concerned with the solution of complex
systems engineering and equipment problems: to undertake
the design of specific hardware which may involve the first
practical utilization of new knowledge.
AT ALL LEVnLS, the opportunities for professional growth
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advanced areas but through continual contact with able men
trained in other disciplines. Informal consultation between
engineers, physicists, mathematicians, psychologists and lin-
guists is available on a day to day basis. Further, with scien-
tists it is the aim of Stromberg-Carlson's technically -trained
management to maintain the atmosphere of the academic
world, encouraging discussion, publication of papers and par-
ticipation in technical symposia.
The list below indicates
the range of work currently
in progress.
FIELDS OF RESEARCH ENDEAVOR
Paramagnetic Resonance
Thin Photoconductor Films
Ferroelectricity
Propagation and Coding
Speech Analysis
Bandwidth Compression
Hydro-Acoustic Transducers
Molecular Electronics
Defect Solid State Physics
Parametric Devices
Tunnel Diode Logic
Scatter Propagation Analysis
Plasma Physics
ADVANCED DEVELOPMENT t ENGINEERING
ICBM Communications
Electronic Switching
Nuclear Instrumentation
High-Speed Digital Data Communications
Electronics Reconnaissance Systems
Single Sideband Communications
Synchronous Data Transmission
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Machine Tool Automation
Radio Data Links
High Intensity Sound Generators
Air Acoustics
Shaped Beam Display Systems
High-Speed Automatic Missile Check-Out Equipment
Super-Speed Read-Out and Printing Equipment
Electro Acoustics & Transducers
Logic Systems
Sound Systems
RF Equipment
Precision Hi-Fi Components
For further informatioti write to the College Relations Section.
Engineering Personnel Department.
I^/IBERG -CARL-SON
GENERAI- DYNAMIA DIVISION OF
1450 North Goodman St., Rochester 3, New York
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Rusty Theory
Scientists at the Westingohuse Re-
search Laboratories have advanced a
new basic explanation for the corrosion
of iron—estimated to waste some S6 bil-
lion to S7 billion per year in the United
States alone. Westinghouse researchers
Dr. Earl E. Gulbransen and T. P. Co-
pan, suggest for the first time that the
true culprits are hydrogen ions, or pro-
tons—one of the basic building blocks
of matter.
The hydrogen ions come from water
vapor, which must be present if iron
is to rust to any great extent at room
temperature. Their theor\' suggests that
the tiny hydrogen particles penetrate the
iron and enlarge the sites at which oxy-
gen normally combines with the metal.
This spreads the reaction throughout the
surface of the iron, causing it to rust
destructively.
L ntil now, a "standard" explanation
for iron corrosion is that it is an electro-
chemical reaction, somewhat similar to
that which occurs in an ordinan" bat-
tery. Tiny local areas on the surface of
the metal are assumed to act as plus and
minus electrical temiinals under the in-
fluence of an invisible liquid film of
water, generating minute electric cur-
rents that corrode the iron. The new
theory suggests that something more
fundamental takes place in the iron,
even though an electrochemical reaction
also may be present.
In a series of experiments that elimi-
nated the conditions required for electro-
chemical reactions, the Westinghouse
scientists reduced the complex rusting
of iron to its simplest atomic processes.
Pure iron wires about as thick as a fine
sewing thread were reacted with oxygen
and water vapor at hish temperatures
(835 degrees Fahrenheit) under close-
ly controlled, idealized conditions. The
results of the miiuite-scale corrosion
were studied under an electron micro-
scope capable of magnifving objects up
to 300,000 times.
The scientists report that with dr\-
oxygen the iron forms a protective ox-
ide coating from which grow billions of
tinv round oxide whiskers less than one-
millionth of an inch in diameter and
30-millionths of an inch high. Each
whisker grows from a single, specific
growth side on the wire's surface, much
as individual seeds sprout from the
ground into separate plant stems. Then
the wires were reacted under identical
conditions except that water vapor was
substituted for the dry oxygen atmo-
sphere.
The moisture produces a startling
change in the oxide surface. From the
growth sites erupt thin, pointed, blade-
shaped platelets of iron oxide that spread
across the metal surface. Shaped some-
what like blades of grass, they are about
one-millionth of an inch thick, 30-mil-
lionths of an inch wide and 300-mil-
lionths of an inch high. As they grow
in size, they spread more than 50 times
in area over the sites observed for dn,-
oxygen alone, reaching a density of near-
ly one billion per square inch of sur-
face area. The amount of iron rust they
represent is 250 times that which forms
when the water vapor, and the hydro-
gen ions it releases, are absent from the
reaction.
The experiments by the W^estinghouse
scientists show that less than one part
of water vapor in 200 parts of the dry
oxygen atmosphere will cause the blade-
shaped crystals to fomi. At room tem-
perature this would correspond to a rela-
tive humidity of about three percent.
"We conclude that the hydrogen ions
in the water vapor enlarge the areas of
chemical reaction between the oxvgen
and iron and bring about the metal's
greatly increased corrosion," Dr. Gul-
bransen declared. "At the lower temper-
atures at which iron usually rusts, this
basic reaction is masked. Complex cor-
rosion products are formed and are not
stable, and the corroding metal is often
removed from the reaction site. Once
such basic understanding is at hand, we
should be able to do a much better job
of controlling corrosion. Already we can
identify two control measures which
must be considered in addition to any
electrochemical eftects that are involved
in iron rusting: Hydrogen must be pre-
vented from entering the metal, and the
growth of the localized reaction sites
must be inhibited by the addition of suit-
able allo>ing elements to the iron."
Professor Weise and the
Titanates
Intense scientific and industrial inter-
est in the titanites—compounds of ti-
tanium with another metal and oxygen
—which a University of Illinois scien-
tist has studied for t\venty eight years
was reflected in the fall meeting pro-
gram of the American Ceramic Society's
electronics division. Titanates are made
from oxides by mixing, pressing and
heatin. They have many potentialities
in the semiconductor applications, and
actually are older in this area than ger-
manium and silicon.
The t\vo-day meeting September 22
and 23 in Milwaukee devoted the en-
tire second morning to this subject with
presentation of five highly technical re-
ports by the scientist. Prof. Erwin K.
Weise of the University of Illinois min-
ing and metallurgi,- department, and his
students.
Prof. Weise began work on this sub-
ject in Germany, before coming to
America and the U. of I. thirteen years
ago. Since 1953 his research has been
sponsored by the Air Research and De-
velopment Command.
Chemical Process for Purifying
Salt Water
A chemical process to separate pure
water from salt water has been patented
by Koppers Company, Inc., and a con-
tract signed with the Office of Saline
Water, U. S. Department of the In-
terior, for cooperative development of
the process on a bench sale.
Objective of the bench scale work is
to determine the technological and eco-
nomic feasibility of the process prior to
gi\ing consideration to the design, con-
struction and operation of a large pilot
plant and eventual commercial develop-
ment.
The process involves use of hvdrate
forming compounds. A hydrocarbon hv-
drate crystal, similar to ice, is formed at
a higher temperature than the freezing
point of water. The crystals are separa-
ted from the mother liquor, broken up
by ven' slight heating, and fresh water
is obtained as a liquid.
Economically, the process is advan-
tageous because the higher temperature
"ice" uses less energy in forming than
other salt water conversion processes,
such as freezing or distillation.
With the tremendous increase in in-
dustrial and human consumption of
fresh water, the necessity for economical
processes to convert sea water has be-
come imperative. In the United States
alone, the daily consumption of fresh
water is estimated by the Department
of Commerce to be 312 billion gallons.
Only >15 billion gallons daily are avail-
able b\' natural fresh water supplies. Rv
1975, estimates by the Department of
Commerce state that daily water con-
sumption in the U. S. will have risen to
over 453 billion gallons. And because
fresh water resources are unevenly dis-
tributed, the shortage of water is al-
ready acute in some areas.
Ironically, three-fifths of the globe is
covered by oceans containing an esti-
mated 320 million cubic miles of water!
But because it is saline, or salt water,
it is not fit for human consumption or
for many industrial uses. The growth
of populations ever\-\vhere, plus increas-
ing demands of industn", make it imper-
ative that a method be found to convert,
cheaply, the world's salt water resources
into pure water.
A Prize for Wheelchair
A price of S5,UUU is being offered for
the invention of a wheelchair that al-
lows handicapped persons to get around
industrial plants and climb stairs unaid-
ed. The prize was donated by a private
dtizen but the contest itself is spon-
sored by the President's Committee on
the Employment of the Physically Han-
dicaped and the National Inventor-
Council.
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trade-off time between service and inter-
station interference in AM and FM
radio stations.
Language Translation
The Bureau is engaged in a program,
sponsored by the Army Office ot Ord-
nance, to develop mechanical translation
techniques. The immediate objective of
this work is to use an electronic digital
computer to translate technical Russian
into English.
The mechanical translation studies,
under the direction of I. Rhodes of the
Bureau's applied mathematics staff, have
resulted in a process which goes much
further than the word-to-word transla-
tion ordinarily associated with comput-
ers. This method is designed to parallel
the thinking of a human translator. Fur-
thermore, it applies iteration to ap-
proach the correct syntactical interpreta-
tion of the Russian souce sentence. The
translation proceeds in three main steps:
First relevant information, stored in a
machine glossary" and auxiliary" listings,
is collected ; second, source words, s\Tn-
bols. and punctuation marks are recog-
nized by use of this stored information,
and the clause and phrase structure of
the source sentence is tentatively de-
termined : third, a structural analysis of
the source sentence with simultaneous
refinement of clause and phrase struc-
ture is made and the corresponding
"pidgin" English is printed out. The
heart of the method, which constitutes
the unique contribution of the Bureau,
is the prediction, after each source word,
of future occurrences on the basis of
stored syntactical relationships bet^veen
Russian words.
Automatic Design of Computers
The Bureau has devised techniques
for using an exisdng computer to work
out design details for new computers.
The objective of this work, carried out
under the direction of A. L. Leiner and
A. Weinberger of the Bureau's Data
Processing Systems Laboratory was to
mechanize some ardous manual design
procedures.
The procedure for designing a large-
scale digital system involves four major
steps: the preparation of system speci-
fications, the organization of the system
into large-scale functional blocks, the
creation of the detailed logical design
for each of these functional blocks, and
the conversion of this logical design into
detailed wiring plans. In deriding which
steps of this procedure should be mech-
anized, the primary criterion was
whether a machine or an experienced
computed designer could turn out a bet-
ter end product. In some cases it was
found that a machine could not effec-
tively compete with the empirical intui-
tion of the experienced logical designer
;
in other cases, the use of a machine per-
mitted a degree of design sophistica-
tion, accuracy, and effiriency not other-
wise obtainable. On the basis of this
criterion, the pwrtion of the design pro-
cedure selected for mechanization was
the conversion of a logical design into
detailed wiring plans.
The conversion process was carried
out automatically for a new large-scale
computer system. Suitable programs
were written by C. D. Coleman of the
Data Processin<T Svstems Laboraton,- in
collaboration with W. Hall. J- Beiman.
and M. Paulson of the Computation
Laboratory. These proerams provided a
complete set of instructions for accom-
plishing the conversion of the computer
logical desi^Tp data. Methods for ex-
pressing the locncal desi^'n data in ma-
chine languaee were worked out bv H.
Lobemian and W. W. Youden of the
Data Processing Systems Laboratory.
The innut data consisted of approximate-
ly 20.000 punched cards which the com-
puter used to produce the complete wir-
ing plans for the new system.
The input transcriptions of the logical
structure of the new svstem—expressed
in terms of equations in Boolean al-'e-
bra—were first checked rif^orously for
internal consistencv. Then, usin? addi-
tional data describing the nhysical loca-
tions of the principal building blocks in
the system, the computer automatically
assigned the numerous minor compo-
nents to optimum physical locations
with respect to the principal blocks. The
computer then calculated the optimal
wire routing between even' connected
set of components in the system, taking
into account the restrictions on wire
lengths imposed by their electronic and
mechanical properties. Next, a topologi-
cal diagram of the wiring tree, showing
the ph\sical location of each node and
its connections with the other nodes in
the tree, was printed out. Finally, the
computer calculated and printed out the
exact lengths of all wires, specifying
terminal t>T3es. pin-to-pin connections,
the text for labels on the wires, and a
detailed inventor^' of the components
and materials used.
As an aid to maintaining the com-
pleted system, the machine also was used
to generate detailed information on the
interrelations between the logical struc-
ture of the system and the actual physi-
cal equipment used to implement the
logic. The final output data consisted
of 15.000 printed pages containing the
complete wring plans for the new sys-
tem and source material for the main-
tenance manuals.
BRAINTEASER'S ANSWERS
1. 40, 42. 5S; 24, 70. 74; and 15.
112, 113. Note that the first two sets
are just double those which Carroll
found.
2. A and C lie. B is truthful as can
be found by listing the eight possible
combinations and eliminating ones with
logical contradictions.
3. gra.ss. cra,ss, cress, tress, trees, frees,
freed, greed, green.
ape. are, ere. err. ear, mar. man,
one. owe. ewe, eye, dye, doe. toe.
too.
blue. glue. glut. gout, pout, port,
part, pant, pint, pink,
winter, winner, wanner, wander,
warder, harder, harper, hamper,
damper, damped, dammed, dim-
med, dimmer, simmer, summer,
rouge, rough, sough, south, sooth,
booth, boots, boats, brats, b rass,
crass, cress, crest, chest, cheat,
cheap, cheep, cheek.
4. big-faced.
Long Sales Road
Chemical salesmen are drivin"' farther
this year than they did in 1959, an in-
dication of stiffening competition for
sales. An automobile leasing company
estimates that chemical salesmen drove
an average of 1,672 miles a month on
business calls during the first four
months of this year, compared to 1,-
_"i89 miles a month during the same
1959 period. At the present rate, chemi-
cal sellers will average nearly 20.000
miles this vear. compared with 18.750
in 1959.
New Naval Gun Use
-A ?i)-ton. l()-inch gun from the bat-
tleship Colorado will be used by an
Ohio company to make powdered metal
for both missile and light bulb parts.
The gun will ser\e as a hydrostatic pres-
sure chamber in which to make pow-
dered metal compact from refractor)'
metals such as molybdenum and tung-
sten.
Fights Tooth Decay
Phosphorous has been isolated as an
anti-decay element in foods. Studies
show that hamsters fed on phosphorous-
rich corn and milk develop 40 per cent
less dental decay than hamsters fed on
low phosphorous diets.
Old five-quart oil cans have been
put to good use at some Summer camps
where children are taught to swim.
Camp instructors rig up the cans with
a webbing harness and use them to keep
children afloat while learning.
Checking Blood Flow
Nucleai m.iiiiictiC resonance may soon
replace the hypodermic needle in testing
blood. In this method, a haniiless tracer
is introduced into the bloodstream, the
rate of absorption of radio waves de-
termines the flow rate, and the system
can be used for blood counts.
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preferably. .
.
a big FISH in the right-sized STREAM
O
We've been told frequently tliat engineering graduates are attracted to a
company our size because of an lionest and understandable desire to be
"a big fisii in a little pond". Perhaps others prefer to tiiink of the future as
the challenge of "swimming up-stream".
We believe that .""likorsky Aircraft is actually the "right-sized stream" for
young engineers who would enjoy diversified, small-group activities, as
well as stature opportunities in a field tliat is not limited nor professionally
confining. Sikorsky Aircraft is the company wiiich pioneered the modern
helicopter; and our field today is recognized as one of the broadest and most
challenging in the entire aircraft industry.
Because of this, we can offer stinuilating experiences in an ideal environ-
ment. Work associations could include joining an electronic team of twenty
to thirty associates—or—working with a highly selective group of four or
five on interesting problems of radiation, inslrnmentalion, auto pilotage,
automatic stat)ilization, etc.
And what of your future.^
That, of course, involves your own potential for growth. As
a far-sighted company, we're more thaTi willing to help you
meet the challenge of "going up-stream"!
For factual and detailed information
about careers with us, please write to Mr.
Richard L. Auten, Personnel Department.
SIKO KY AIRCRAFT
DIVISION OF UNITED AIRCRAFT CORPORATION
STRATFORD, CONNECTICUT
THE TECHNOGRAPH
OUT OF THE LABORATORY
Advanced power conversion systems
for space vehicles utilizing energy of the sun or
heat from a nuclear reactor are now being devel-
oped by Garrett's AiResearch divisions. Under
evaluation are dynamic and static systems which
convert heat into a continuous electrical power
supply for space flight missions of extended dura-
tion. Component and material developments for
these systems are being advanced in the fields of
liquid metals, heat transfer, nonmechanical and
turboelectric energy conversion, turbomachinery,
alternators and controls.
Besides solar and nuclear power systems for
space applications, other product areas at Garrett
include small gas turbine engines, environmental
systems for advanced flight vehicles, cryogenic
fluid systems and controls, pneumatic valves and
controls and missile accessory power units.
This diversification of project areas enables
the engineer at Garrett to specialize or diversify
according to his interest, not only making work
more interesting but increasing the opportunities
for responsibility and advancement.
An orientation program lasting several months
is available for the newly graduated engineer,
working on assignments with highly experienced
engineers in laboratory, preliminary design and
development projects. In this way his most profit-
able areas of interest can be found.
For further information about a career with
The Garrett Corporation, write to Mr. G. D.
Bradley in Los Angeles.
¥HE
esearch Manufacturing Divisions
Los Angeles 45, California • Phoenix, Arizona
Systems and Components for: aircraft, missile, spacecraft, electronic, nuclear and industrial applications
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Engineers and Managers
Orii out of four engineers in in-
dustry believes that engineers arc
thought of as second class profes-
sionals, but no industrial managers
agree nith this opinion.
—Sixty-one per cent of the engineers
employed in industry think there is
considerable inal-utilization of en-
gineers, but only 30 per cent of in-
dustrial managers agree.
—More than half the enpineers in
industry think that higher pay
liould advance the engineering pro-
fession, but only 20 per cent of in-
dustrial managers agree.
These are some of the findings re-
ported in a suney entitled "Engineering
Professionalism in Industn,"' made un-
der the sponsorship of the Professional
Engineers Conference Board for Indus-
tr\-. in cooperation with the Naf.onal
Society of Professional Engineers.
A summar)- of preliminary- findings
in the suney was released at a session
of the annual meeting of the National
Society at the Statler Hilton in Boston
June 11.
The sur\ey was made for the Con-
ference Board bv Opinion Research
Corporation on the basis of extensive
interviews with 209 engineers and 40
managers.
The primary objective of the study
was to find out what engineers and en-
gineering managers mean by profession-
alism, and how they think it can best
be advanced.
The interviews brought out that 90
per cent of the managers questioned stat-
ed that they regarded engineers among
the employees making the most valuable
contribution to the company. Less than
half of the engineers felt that they were
so regarded by management.
One fourth of the engineers stated
that management tries to provide a crea-
tive atmosphere, but nearly half of the
managers claimed that management tries
to pro\-ide such an atmosphere. Sixty-
eight per cent of the managers indicat-
ed they believed management shows gen-
uine respect for engineers; however,
only 36 per cent of the engineers agreed
with this.
The survey concluded that a lot of
the problem in engineering professional-
ism "seems to be due to a lack of two-
way communication between engineers
and managers."
The survey also found a considerable
difference in professional attitudes be-
t^veen engineers in companies which
would score high on efforts to encour-
age and develop high standards of en-
gineering professionalism and engineers
in those companies which would not
score so high in such an evaluation.
Forty-four per cent of the engineers
in the above-mentioned "high scoring"
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companies stated that management real-
ly believes in the professional status
ot
engineers, while only seven per cent ot
the engineers in the second type of com-
panv agreed with this.
Fifty-three per cent of the engmeers
in the second t>-pe of company said that
engineers are "sort of a commodity
—
let' go quicklv if business is poor," but
onlv seventeen per cent of the engineers
surveyed in the "high scoring" compan-
ies held this view.
Fortv-nine per cent of the engineers
in the "high scoring" companies ad-
mitted to considerable mal-urilization of
engineers, but 82 per cent of the engi-
neers in the second type of company
said there was considerable mal-utiliza-
tion.
The suney found widespread agree-
ment in the "high scoring" type of com-
panies that unions are incompatible with
engineering professionalism. In the sec-
ond t\T5e of companies, interviewers
found more sentiment against than for
engineering unions, but nowhere near
the sentiment against such unions as was
found in the "high scoring companies.
The survey is the sixth in a series of
executive research reports made for the
Professional Engineers Conference
Board for Industry.
Siberian Heat Wove?
A Russian engineer proposes to
change the climate of a secdon of Si-
beria near the Xevelskiy Strait. He be-
lieves the severe winters would be re-
duced if a five-mile dam were built
across the strait and the warm tides of
the Sea of Japan were let in through
special one-way gates to prevent them
from flowing back out. The water, in
turn, would warm the air in the sur-
rounding region and never let the tem-
perature drop below 30 degrees Fahren-
heit, the Russian claims.
Worth More Than Gold
The tiny electronic parts used today
in everything from miniature radios to
missile guidance systems cost relatively
little per unit but, if bought by bulk,
would be worth many times their
weight in gold. An ounce of transistors,
for instance, would cost about $300,
compared to gold's present value of S33
per ounce.
Ill Wind That Blew Good
The world has long-winded Greek
orators of the Fifth Centur\- B. C. to
thank for the invention of the clock.
The first clock, a clepsydra, was a sim-
ple water-filled container with a small
hole at the bottom. After its adoption.
Greek speakers, who once droned on
for seven or eight hours, had to limit
their speeches to the time it took to
drain the container.
Ford Doubles the Pot
A broad program to aid education by
matching, and in some cases doubling,
contriburions made by Ford Motor
Company employes to United States col-
leges, universities and secondary- schools
was announced today by Henn" Ford
II, company president.
The company will donate a maximum
of 512,000 in support of any one em-
ploye's gifts. Employees need not be
alumni of the institutions to which they
contribute to make their gifts eligible
for matching under the new Ford
Motor Company grants.
Under the program, called the Ford
Educational AID (assistance and incen-
rive donarion) Program, the conipany
will match an employe's contributions to
colleges and universities dollar for dol-
lar to a maximum of $5,000 in any one
calendar year.
If any of the contributions are made
to private colleges or universiries, the
company will donate an additional dol-
lar for each employe dollar for the first
Si ,000 so contributed. It is possible,
therefore, for an employe's gifts of S^^,-
000 to universities or colleges to gener-
ate $6,000 in donations by Ford.
The company also will donate up to
$6,000 to match an employe's gifts to
secondan- schools on the same basis as
it matches gifts to institutions of higher
learning. Thus, an employe, by making
gifts to colleges or universities and to
secondaPi- schools, could generate a total
of $12,000 in Ford supporting dona-
tions.
"We believe that in addition to its
corporate educational aid programs, our
company should encourage its employes
to make financial contributions to col-
leges, universiries and secondan' schools
of their own choice," Mr. Ford said.
"Our plan to match individual gifts
and, in some cases, to add twice the
amount of the employe's gift, should
provide a substantial incentive toward
greater individual support of educational
mstitutions. If we can help broaden the
base of support for educarion, our
schools will have greater resources upon
which to draw now and in the future.
"Too often in our consideration cf
aid to education we forget the secondar>"
schools, which play an important part in
the preparation of young men and
women for higher education. These
schools are also deserving of support. By
including them in our matching-gifts
program, we hope to make it possible
for them to share in contributions from
individual employes."
By the way, what's a Grecian L rn,
an\-way ?
Now that I think about it, I s'pose
it all depends what he does.
THE TECHNOGRAPH
LUNAR PROBE . . .
( (^onlinuid from Page 22)
A hold off may be necessary so the ship
can he positioned to avoid any obstacles
such as gullies, nioiuids, or rocks which
could wreck the ship.
The landing gear will probabh' have
tour adjustable legs to compensate tor
rough or une\en terrain at the landing
spot. These legs will be extended short-
ly before landing, and will be equip-
ped with a sensitive control device so
that the ship remains vertical at all
times.
Heing on the surface of the moon will
be much different from being on the
surface of the earth. The curvature of
the moon is much more pronounced th:;n
the curvature of the earth because the
moon is only one-fourth the size of the
earth. The only colors on the moon will
be the jet black of space and a brilliant
white where the sun's rays strike the
ground. Also, there will be a few dull
tones of brown and gray. There will be
no clouds, dust, wind, or sound on the
surface of the moon. Gravity will be
about 1 '6 that on earth. With these
startingly different phenomena, the first
explorers will have to be very stable
psychologically to endure this very
strange environment.
Solar batteries will be set up to furn-
ish the power for re-charging the ships'
batteries and to run small machines that
will be used in exploration of the moon's
surface. The landing will probably oc-
cur during the two weeks of daylight
and the exploring party will depart be-
fore the moon night sets in, with its
threatening sub-zero temperatures.
The first e.xplorers will not venture
very far from the rocket ship. Sampl-
ing of the various rock strata and col-
lecting niineralogical specimens will take
up much of the time on the moon's sur-
face. Clues to the moon's origin and that
of the universe may also be discovered,
or sought. Prospecting for frozen air
and water in crevasses will have high
priority, because those two fundamentals
together with food constitute the neces-
sities of life. A lunar base would need
these items, and if water and air can
be found on the moon the probability of
establishing a moon colony would be
greatly increased. The first expedition
might also disclose how the huge craters
were formed, and the presence or abund-
ance of various raw materials and min-
erals might be disclosed. Measurements
of cosmic rays, frequency of meteorite
hits, and measurements of magnetic flux
will be taken.
Escaping from the moon's gravita-
tional field will not pose a serious prob-
lem for the moon's gravitational attrac-
tion is only a fraction of the earth's.
The return voyage to the orbit around
the earth will be nearly the same as the
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first part of the trip. In the orbit, a
winged \ehiclc will be waiting to re-
turn the exploration party and their
findings to the surface of the earth.
The first probes have already been
made, and man is on the verge of space.
The U. S. expects to put a man in an
orbit around the earth within the next
two years, when the most difficult prob-
lem in sending men to the moon will be
solved. Then manned exploration of the
moon may take place within five years,
much sooner than most people think.
After this is accomplished, man will
have taken a major step forward toward
comprehension of the unknowns of
space, and toward the fulfillment of the
dream man has always had of reaching
out bevond the earth.
Who Buys Your Tires Hot Rod?
A short, hurry-up trip to the shop-
ping center may wear your tires more
than a longer, faster trip on a turnpike.
(3ne turn aroimd a city street corner
can wear tires more than ten miles of
straight-ahead driving, according to R.
L. Marlowe, a phys'cist at the H. F.
Goodrich Research Center at Rrecks-
ville, Ohio.
Tests show that the way a driver
turns corners, the way he applies his
brakes and the way he accelerates are
the major factors in the rate of his tire
wear.
"While these operations take place
o\er a very small part of the total mile-
age, their effect is large because the rate
of wear for these operations can be 1 000
times as high as for normal straight-
ahead operations."
Tire life can be cut to under 4000
miles by drivers who constantly make
jack rabbit starts, screeching turns and
panic stops. Even a few of these violent
maneu\ers can drastically shorten the
tires" life.
Wheels that are out of alignment aUo
cause excessive tire wear, he said. The
rate of wear is increased seven-fold by
a one degree misalignment, and 50 times
by a two degree misalignment.
New highways wear tires up to three
times faster than older, used roads. This
is because the road surface becomes coat-
ed with a mixture of tar, oil, dirt and
rubber, reducing the abrasiveness of the
surface. Differences ii; the rate of tire
wear were noted also from lane to lane
of the same highway.
Testing methods can accurately meas-
ure the amount of tire wear resulting
from a few turns aroimd a test circle.
The measurement is obtained by weigh-
ing the tire to determine the amount nt
rubber lost.
Purpose of the tests is to evaluate the
wear qualities of new compounds and
new tire constructions.
We're not looking for a
direct answer.
This is just to remind you
that a good knowledge of
miniaturization is worth having
— wherever you go in the
world of engineering.
Keeping engineering minds
well-informed on the latest
progress in — and with —
MPB miniature and instrument
bearings is one of our main
objectives. MPB bearings are
made in over 500 types and
sizes, with O.D.'s from 5/8
to l/lO . They are used in
over 16,000 applications,
ranging from dental
handpieces to missile systems.
Magnificent Miniatures,
a 16mm color and sound film,
pictures the manufacture and
uses of MPB bearings. The new
comprehensive MPB catalog
with basic engineering informa-
tion, describes the complete
line and many applications.
Both ore available to your
class or group, without charge,
from Miniature Precision
Bearings, Inc., 35 Precision
Pork, Keene, N. H.
Helps you perform
miracles in miniaturization
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CRYSTAL
GAZING...
BEYOND
TODAY'S HORIZONS
A helicopter equipped with a specially adapted radio system — this is the modern
method Wisconsin Electric Power Company uses for emergencies and for routine pa-
trol of its many miles of transmission lines. It is typical of the Company's use of
modem tools to solve present and future problems.
Company engineers are currently developing the shape and form of transmission
lines which will be part of the horizon in 19S0 and beyond. Utilizing analog and
digital computers, they are looking at the Company's present 138,000 volt rural
transmission system. Should it be replaced with extra high voltage lines, higher than
some of the Company's present 230,000 volt lines? Should a super power grid be
mounted over the 13S.000 volt system which would then become a sub-transmission
system? These are among the challenging plans that must be made today to suit
an ever changing tomorrow. Imaginative, even revolutionary answers must be forth-
coming from engineers Hke yourself.
Plan now to ask our representatives about future opportunities in your field of
engineering — excellent possibilities to pioneer in the future horizons of electric power.
*
WISCONSIN ELECTRIC POWER COMPANY
SYSTEM
Wisconsin Electric Power Co.
MILWAUKEE, WIS.
Wisconsin l\flichigan Power Co.
APPLETON, WIS.
Wisconsin Natural Gas Co.
RACINE, WIS.
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Record-breaking Atlas missile billows flame and vapor as she launches satellite into orbit.
130 tons of missile with a skin
thinner than a window pane
!
The Nickel Stainless Steel skin of
tlie Atlas missile is actually a])out
one-third as thick as the glass in
your window.
And yet look what this skin does:
• It is the sole structural framework
for Atlas—130 tons of dead weight
at the moment of firing.
• It serves as the wall of the propel-
lant tanks in Atlas" weight-saving
design.
• It withstands the deep chill of
liquid oxygen (—297~F) . . . the
high heat of supersonic speed
(400=F-600°F).
. .
. and it is less than 1/25 of an inch
thick!
j
No wonder they call stainless the
I
space-age metal. No wonder engi-
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neers turn more and more to Nickel
Stainless Steel as temperatures rise
... as speeds soar ... as demands get
more and more severe.
But space is only one of tlie new
worlds science is penetrating, and
not even the newest. \^itness man's
35,805-foot dive into the depths of
the Marianas Trench in the Pacific.
Or his exploration of deep cold. Of
super pressures. Of ultrasonics.
Before the manipulation of such
new environments can oven he con-
sidered, scientists and engineers
need to know exactly what happens
to metals under extreme conditions.
Inco Research a source of such data
Ouite often. Inco Kescarcli has
already developed the information
needed and has it neatly filed and
cross indexed. Ready for use. In
several instances, when a new alloy
was needed, i)arrier hrcakers have
found it already developed and
tested ]>y Inco Research.
Renieml)er Inco Research when,
in the future, you encounter severe
new conditions and need useful data.
The International Nickel Company, Inc.
NewYork5,N.Y.
N^Q International Nickel
The Internalional Niikfl Company, Inc., is tlie l'..'^. affiliate of the Inlernalional Nickel
Conipatu 111 Canada, l.iniilcd. ' Iik <p-Cjiuiila i ~ prndiM ir id Inco Nickel, Co|i|ier, Cobalt,
Iron Ore, Tellurium, Selenium, Sulfur and Platinum, Palladium and Olher Precious Metals.
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BOOK REVIEW
ELECTRONICS AND NUCLEONICS DICTIONARY
By Nelson M. Cooke, President, Cooke Engineering Compony; and
John Morkus, Technical Director, Dictionary Department,
McGraw-Hill Company, Inc.
543 pages, 6x9, 452 illustration and diagrams. McGraw-Hill, SI 2.00
More than 13,000 terms used in the
electronics and nucleonics fields are de-
fined in this newly published dictionary-.
It shows the exact meaning and correct
usage of technical words. synon\Tns, and
abbreviations currently being used m
such areas as radio, radar, industrial
electronics, medical electronics, avionics,
space electronics, nuclear science, and
nuclear engineering.
Based on the dictionary- that tor 1:>
years has been widely recognized as the
authority on electronics terminology-,
this updated and enlarp-ed version re-
flects the many maior developments of
recent years. It provides answers to such
questions : What does the term
mean? . . . Has it acauired new mean-
ings recently? . . . What are its syn-
omTHS? ... Is it a trademark? . . .
What is its correct spelling? . . . Should
it be capitalized? . . . Should it be
hyphenated ?
In addition to providing definitions
based on standardized terms approved
bv the IRE. AIEE. AS-A, and other
official engineering societies, the Dicrion-
ar\- gives meanings of many new words
that have evolved from modern techni-
cal advances. Included is technical
nomenclature from the new branches
of electronics and nucleonics—space
technology-, magnetic-tape systems, guid-
ed missiles, under\vater electronics, and
others.
More than 450 illustrations further
clarify and expand the meaning of com-
plex terms, and show examples of typical
circuits and devices. Some of the cir-
cuits contain values of parts, providing
a starting point for the design of a need-
ed new circuit.
A consistent policy has been followed
throughout in connection with the spell-
ing and hyphenation of such trouble-
some compound terms as bandspread.
blackbody. copper-oxide rectifier, cross-
modulation, p-i-n diode, pre-tr tube, and
ser\-oni.otor. This Dictionary" can there-
fore be used as a style manual when
checking terms that will be used in re-
ports, books, technical articles, contracts,
catalogs, advertising copy, sales letters,
and other business correspondence.
Both authors have written a number
of other McGraw-Hill books. Nelson
M. Cooke, President. Cooke Engineer-
ing Company is author of Basic Mathe-
matics for Electronics and co-author of
Mathematics Essential to Electricity and
Radio. John ^larkus. Technical Direc-
tor of the Dictionan,- Department, Mc-
Graw-Hill Book Company, is author,
co-author, or editor of 14 books in the
field, and was formerly Feature Editor
at Electronics.
Further information concerning
Cooke and Markus' Electronics and
Nucleonics Dictionary is available from
McGraw-Hill's Industrial and Business
Book Information Service, 327 West
41st Street, New York 36, N.Y.
Coffee Machines Perking
Almost two billion cups of coffee
gurgled out of vending machines in
plants and offices last year. In 19:i9,
131,000 machines were used during cof-
fee breaks, compared to 99,000 in 1958.
A married couple checked into a
hotel and, after cleaning up. forgot to
turn off the faucets in the tub. A short
time afterwards, the guest in the room
directly under them opened the window
and stuck out his head.
"Turn off that water," he screamed.
"What the . . , is the matter with
you '
"Stop your swearing, " the first re-
turned. "I've got a lady up here."
"And what the . . . do you think
I have down here—a duck?"
Oil Tank Ahoy!
A Tulsa oil refiner\- recently moved
its huge crude storage tanks by building
a dike around them, flooding the area
to create a lake, and then floating the
tanks to their new locations. The com-
pany, which leveled the dike and
drained the lake after the move, saved
thousands by eliminating the need to
dismantle the tanks and transport them
bv truck.
A lonely chick taking a look around
the electric incubator of unhatched eggs
—
"Well, it looks as if I'll be an only
child. Mother's blown a fuse."
Cutler Tribute
The entire Technograph staff wishes
to pay tribute to Stanley Gardner Cut-
ler, a noted alumnus of the L niversity
of Illinois who passed away May 17,
1960.
Mr. Cutler, son of Harry and Laura
Cutler, was born in 1887 in Chicago
and attended R. T. Crane High School.
He graduated from the L niversity of
Illinois School of Engineering in 1908
with special honors. WTiile in school he
helped found the Triangle Fraternity
and the Scribblers Club, was a member
of Sigma Xi. Tau Beta Pi. and most
important of all. was editor of the
Technograph.
After graduation he was appointed
Assistant Engineer. Philippine Govern-
ment, by the United States Bureau of
Insular Affairs. He received an enor-
mous starting salary- of S14(t0 GOLD.
In 1911 Mr. Cutler returned home and
received his Master's Degree in Civil
Engineering from the L niversity of Illi-
nois.
After his marriage to Charlotte Mose-
ley in 1913 he worked until 1942 as a
structural engineer. He pioneered in re-
inforced concrete and built the first
monolithic house in the midwest. During
World War II he worked for the War
Production Board and in 1945 he re-
turned and started his own reinforcing
and engineering business in Rockford,
Illinois, where he worked until he re-
tired in 1956.
Asphalt Aids Planting
Asphalt may soon lacilitate the
growth of crops in arid areas. A spe-
cially-developed blend of asphalt, when
sprayed over seeded soil, prevents mois-
ture in the soil from evaporating. The
strength of delicate vegetable and grass
shoots is such that they easily pierce
asphalt layers as thick as 1 '10 of an
inch.
Faster Teletype System
Teletype messages can be transmitted
at the rate of 1.000 words a minute
through use of a new transistorized
communications system. The system,
three times faster than ordinan' teletype
transmission, uses a t\vo-speed magnetic
recorder to take messages at standard
rate (60-to-lOO words per minute) and
then transmit them at high speed. A
similar unit at the receiving end revers-
es the process. L nits can store up to 12
hours of message information.
It is rumored that the Russians are
going to put se\-en cows in their next
Sputnik. This will certainly be the herd
that was shot around the world.
"Do vou smoke?"
"No.'^
"Do vou drink?"
"No.''
"Do vou neck?"
"No."
"Well what do vou do for fun?"
"I tell lies."
56 THE TECHNOGRAPH
If your sights are set on research and development-
-you1l find
Photography
at Work
with you
K.ESEARCH and development engineers
find photography one of their most
versatile tools. Camera and film can
record the readings of instruments
—
can capture for study the fleeting
transient on the oscilloscope face. The
content and structure of metals can be
studied by photospectrography or
x-ray diffraction. .\nd stresses in parts
are visualized by photographing
plastic models with transmitted polar-
ized light.
There's hardly a field on which vou
can set your sights where photographv
does not play a part in simplifying
work and routine. It saves time and
costs in research, on the production
line, in the engineering and sales
departments, in the office.
So in whatever you plan to do, take
full advantage of all the ways photog-
raph\- can help.
CAREERS WITH KODAK:
With photography ai>'J photographic proc-
esses becoming increasingly important in
the business and industry of tomorrow,
there are new and challenging opportunities
at Kodak in research, engineering, elec-
tronics, design, sales, and production.
If you are looking for such an interesting
opportunity, write for information about
careers with Kodak. .-Xddress: Business and
Technical Personnel Department, Eastman
Kodak Company, Rochester 4, N. V.
Jet heat blast of more than 15,000 degrees Fahrenheit flares over surface
of an experimental nose cone shape in a physics laboratory of .Avco
Research and Advanced Development Division, Wilmington, Mass.
EASTMAN KODAK COMPANY
Rochester 4, N. Y.
\ One of a series*
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Q. Mr. Savage, should young engineers
join professional engineering socie-
ties?
A. By all means. Once engineers
have graduated from college
they are immediately "on the
outside looking in," so to speak,
of a new social circle to which
they must earn their right to be-
long. Joining a professional or
technical society represents a
good entree.
Q, How do these societies help young
engineers?
A. The members of these societies
—mature, knowledgeable men
—
have an obligation to instruct
those who follow after them.
Engineers and scientists—as pro-
fessional people—are custodians
of a specialized body or fund of
knowledge to which thej' have
three definite responsibilities.
The first is to generate new
knowledge and add to this total
fund. The second is to utilize
this fund of knowledge in service
to society. The third is to teach
this knowledge to others, includ-
ing young engineers.
Q. Specifically, what benefits accrue
from belonging to these groups?
A. There are many. For the young
engineer, affiliation serves the
practical purpose of exposing his
work to appraisal by other scien-
tists and engineers. Most impor-
tant, however, technical societies
enable young engineers to learn
of work crucial to their own.
These organizations are a prime
source of ideas— meeting col-
leagues and talking with them,
reading reports, attending meet-
ings and lectures. And, for the
young engineer, recognition of
his accomplishments by asso-
ciates and organizations gener-
ally heads the list of his aspira-
tions. He derives satisfaction
from knowing that he has been
identified in his field.
Interview with General Electric's
Charles F. Savage
Consultant— Engineering Professional Relations
How Professional Societies
Help Develop Young Engineers
Q. What contribution is the young en-
gineer expected to make as an ac-
tive member of technical and pro-
fessional societies?
A. First of all, he should become
active in helping promote the
objectives of a society by prepar-
ing and presenting timely, well-
conceived technical papers. He
should also become active in
organizational administration.
This is self-development at work,
for such efforts can enhance the
personal stature and reputation
of the individual. And, I might
add that professional develop-
ment is a continuous process,
starting prior to entering col-
lege and progressing beyond
retirement. Professional aspira-
tions may change but learning
covers a person's entire life span.
And, of course, there are dues to
be paid. The amount is grad-
uated in terms of professional
stature gained and should al-
ways be considered as a personal
investment in his future.
Q. How do you go about joining pro-
fessional groups?
A. While Still in school, join student
chapters of societies right on
campus. Once an engineer is out
working in industry, he should
contact local chapters of techni-
cal and professional societies, or
find out about them from fellow
engineers.
Q. Does General Electric encourage par-
ticipation in technical and profes-
sional societies?
A. It certainly does. General Elec-
tric progress is built upon cre-
ative ideas and innovations. The
Company goes to great lengths
to establish a climate and in-
centive to yield these results.
One way to get ideas is to en-
GENERAL
courage employees to join pro-
fessional societies. Why? Because
General Electric shares in recog-
nition accorded any of its indi-
vidual employees, as well as the
common pool of knowledge that
these engineers build up. It can't
help but profit by encouraging
such association, which sparks
and stimulates contributions.
Right now, sizeable numbers of
General Electric employees, at
all levels in the Company, belong
to engineering societies, hold re-
sponsible offices, serve on work-
ing committees and handle im-
portant assignments. Many are
recognized for their outstanding
contributions by honor and
medal awards.
These general observations em-
phasize that General Electric
does encourage participation. In
indication of the importance of
this view, the Company usually
defrays a portion of the expense
accrued by the men involved in
supporting the activities of these
various organizations. Remem-
ber, our goal is to see every man
advance to the full limit of his
capabilities. Encouraging him to
join Professional Societies is one
way to help him do so.
Mr. Savage has copies of the booklet
"Your First 5 Years" published by
the Engineers' Council for Profes-
sional Development which you may
have for the asking. Sin^ply write to
Mr. C. F. Savage, Section 959-12,
General Electric Co., Schenectady
5, N. Y.
*LOOK FOR other interviews dis-
cussing: Salary • Why Companies
have Training Programs • How to
Get the Job You Want.
ELECTRIC
